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I ntrod uction 
A s  t he u se of sate l l i te te l emet ry be comes a mo re pop u l a r  too l i n  
ma n a ge me n t  of n at u ra l re s o u rce s ,  mo re ta s k s a re be i n g  done f rom the 
sate l l i te a lt i t u de to cov e r  a l a rge r e x pa n s e of l a n d  a rea . T he tele me t ry 
i n  t h e  i nf ra red c h a n ne l s of t he sate l l i te ,  k n ow n  a s  the rmog ra p h y , h a s  
be come mo re i m po rta n t  _ i n  ma n y  a re a s  of res ou rce ma n a geme n t . O ne of 
the p re s ent  ap p l i cat i o n s  of t h e rmog ra p h y._ i s  t h e  d etect ion  of veg etat i o n  
cove ra ge . O t he r  pos· s i b l e  a p p l i ca t i o n s  o f  th e rmog ra p h y  m a y  i n c l u d e 
ra i nfa l l  mo n i to r i n g  a n d  s o i l mo i stu re mo n i to r i n g , both of w h i c h  a re t he. 
top i cs of con ce r n  i n  t h i s  s t u d y . 
C u r rent  mon i to r i n g  of ra i nfa l l  a n d  so i l mo i stu res i s  b e i n g  d o n e  by 
g roun d  co l l ected d ata . T h i s  met h od i s  t i me co n su m i n g ,  e x pe n s i v e a n d  
imp ract i ca l fo r remote reg i o n s .  A method w h i c h cou l d  u se d a ta fo r a 
l a rge a rea col l ected · f rom a n  o r b i t i n g  p l atfo rm wo u l d g reat l y  ea s e  t h e  
ta s k  a n d  a s s i st i n  p red i ct i n g  o n com i n g d ro u g hts a n d d e s e rt e x pa n s io n s . 
T h i s  le a d s  to o ne pos s i b le a p p li cat ion  of sate l l ite col l ected t h e rmog ra p h y  
f rom o rb i t i n g  s ate I I  i te s . 
S i n ce t h e  so i l tem pe ratu re i s  affected by ma n y  fa cto rs  s u c h  a s  
ve getat i o n  cove rag e ,  s l ope , tex t u re ;  compos i t ion , a n d  so i l mo i stu re 
l evel·s ,  mea s u rement of s o i l tem p e ratu re wou l d  t h e n  be a n  i d ea l  met h od 
of d ete rm i n i n g some of t he s e va r i a b l es . S u rface temperatu re i n  tu rn  
ca n be mon i to red by i ts  t h e rma l em ita n ce ,  s i n ce t h e rm a l  em i ta n ce i s  
p ropo rt i o n al to t h e  s u rfac e  tem pe ratu re ra i sed to th e fo u rt h powe r . 
T h u s ,  t h e t h e rmog ra p h y  f rom a sate l l i te s ho u l d  be p ropo rt i o n a l  to 
s u rface tem pe ra tu re of t h e  g ro u n d . 
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A s  stated ea r l i e r ,  a g reat n u mber  of va r i a b l es affect t h e  s u rface 
tem pe rat u re of the g rou n d . T h i s  study wa s res t r i cted to ra i n fa l l ,  s o il 
mo i stu re ,  a n d  oth e r  va r i a b l es rea d i l y  av a i l a b l e  fo r u s e  i n  t h e  mode l  
ca l c u l at i o n s .  T h ese  ot h e r  v a r i a b l es i n c l u d e  t h e  l e n g t h  o f  t i m e  t h e  
g ro u n d  i s  e x posed to t h e  s u n ,  c u l t i vated vegeta t i o n  cov e ra ge ,  a i r 
tem pe ratu re ,  a n d  n o rma l i z ed d i ffe ren ce . I t  i s  t r u e  t h at mo re v a r i a b l es 
ca n be a dd ed to i n c rea s e  t h e  accu racy of th e mod e l , b u t  t h i s  wo u l d  n ot 
b e  p ra ct i ca l  fo r a remote reg i o n  w h e re these  pa ra mete rs  a re n ot k n ow n . 
P rev io u s  e x pe r i me n ta l a n d  t h eo reti ca l  wo r k  on a mod e l  to p red i ct 
s u rface tem pe ratu re ch a n g e s  h a s  been do n e  at So u t h  Da kota State 
U n i ve rs i ty . A t h eo ret i ca l  h eat  f low mod e l  to p red i ct t h e  s o i l 
temperatu re fo r a p rof i l e  f rom s u rface to a depth of 50 e m  a s  a fu n ct i on 
of t i me wa s d eve loped ( Meye r ,  1 972 ) . A n  e x pe r i me n ta l  s t u dy to p rov i de 
q u a l itat i ve p roof of t h e  t h eo ret i c a l  mode l  u s i n g f i e l d  co l l ected d ata 
s howed a good co r re l at i o n  ( B e u t l e r ,  1 980 ) . F u rt h e r  e n h a n cemen ts we re 
don e  to t h e  o r i g i n a l  mod e l  to i n c l u d e  so i l c h a racte r i s t i c s  a n d so l a r  a n d  
p l a n t ca nopy pa ra mete rs . A fte r a s e r i es of e x p e r i m e n ta l ca l c u l a t i o n s ,  a 
q u ad rat i c  re l at ion s h i p  b etween s o i l. mo i stu re a n d  s u rface tem p e ratu re 
res u l ted ( N es s ,  1 982 ) . F u rt h e r  e x p e r i me n ta l  wo r k  was ca r r i ed out to 
d ete rm i n e  t h e  effect of t h e s e  pa ra mete rs  on th e mode l  a n d t h e i r 
s i g n i f i ca n ce .  Resu l ts  of t h i s  s t u d y  i n d i cated t h at t h e s e  pa ram eters  
added n o  s i g n i f i ca n ce to  the  mod e l  fo r t h e  f ie ld  co l l ected d ata , b u t  
res ul ted i n  a s i g n i f i ca nt l i n ea r  re l at ion s h i p b etween s o il mo i stu re a n d 
s u rfa ce tem p e rat u re ( Roes l e r ,  1 984 ) . 
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T h i s  stu dy w a s  a n  attempt to u se t h e  p rev i ou s re l a t io n s h i ps 
d evelo ped b etween s o il mo i stu re a n d  s u rfa ce tempe ratu re a n d  to a p pl y  
t h es e  o n  a b roade r  s ca l e .  U s i n g e x pe r i me n tal data col l ected b y  s ate l i te  
and g rou n d  coll ected d ata fo r the  e n t i re state of  South  Da kota, a 
rel at i o n s h i p  between sate l l i te gat h e red t h e rmog ra p h y  a n d  g ro u n d  
col l ected mo i st u re a n d  ra i nfa ll d ata wa s fo u n d . S i g n if i ca nt d i ffe ren ces 
between t h i s  s t u d y  a n d  p rev i o u s s t u d i es res ul t  f rom the s cope of t h e  
data b e i n g  u sed ( s ma l l  f i e l d  pl ots a s  compa red to t h e  e n t i re state ) a n d  
t h e  attempt to rev e r s e  t h e  mod el to p red i ct so il mo i st u re , i n s tead of 
p red i ct i n g s u rface tem p e rat u res . 
4 
Objecti ves  
The s pec i f i c  obj ect i ves  of  t h i s  s t u d y  we re t h en a s  fo l l ows : 
1 .  To gath e r  tog et h e r  d ata col l ected f rom sate l l i te th e rmog ra p h y ,  
a n d  to p u t  t h e  d ata i n to a n  acceptab l e fo rm fo r l ate r a n a l ys i s . 
2. To ex pe r i m e n ta l l y p rod u ce state - w i de data f rom s pa r s e l y  
col l ected g ro u n d  data th ro u g ho u t  t h e  state . 
3. To comb i n e  t h e  d a ta co l l ected f rom t h e  ab ove obj ect i ves  toget h e r  
w i t h  oth e r  s i g n i f i ca nt p a ramete rs to fo rm a d ata b a s e  fo r f u rt h e r  
wo rk .  
4 .  To u s e t h e  d ata b a s e  of obj ect i v e  3 fo r stat i st i ca l  a n a l y s i s  of 
rel a t i o n s h i p s  b etween s atel l i te - col l ected d ata a n d g rou n d -b a s ed 
co l l ected d ata co n s i st i n g  of so i l mo i stu re a n d ra i n fa l l . 
5 .  To compa re t h e  stat i s t i ca l  re lat i o n s h i p s fo u n d  to t h o s e  p rod u ced 
i n  p rev io u s ex p e r i me n ta l a n d  t h eo ret i ca l  st u d i es. 
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Backg rou n d  L ite ratu re 
T h e  u s e of sate l l i te  t h e rma l i ma g e ry to t ra c k  so i l mo i s t u re 
co n d it i o n s  beg a n  w i t h  Moo re ( 1 975)  who st u d i ed the rel at i o n s h i p of soi  I 
mo i stu re to i n f ra red d ata g a t h e red f rom S ky l a b. H i s  s t u d y  i n d i cated a 
pos i t i ve co r rel at ion  a n d  con c l u d ed t h at a pote n t i a l  ex i sted fo r so i l  
mo i stu re t ra c k i n g  f rom s ate l l i te t h e rma l i ma g e ry data. T h e rmoco u p l e  
data a n d  a i rc raft g a th e red i n f ra red data. we re co r re l ated b y  S c h m u g g e  
et. � ( 1 976 )  a n d  Reg i n ato et. � ( 1 9 78 ) , who fo u n d a pos i t i ve  
rel at ion s h i p  between bot h tem p e ratu re mo n ito r i n g  sou rce s. T u n h e i m  
( 1 977 ) fo u n d a re l at i o n s h i p betwee n  a i rc raft t h e rma l i ma g e ry patte r n s 
a n d  g rou n d  tem p e rat u re patte r n s  ca u s ed by n ea r  s u rfa ce moi st u re 
con d i t i o n s  i n f l u e n ced by s a l i n e s eeps i n  Mo nta n a. 
I n  1 978 , N A S A  u n d e rtoo k t h e  H eat Capac ity Map p i n g  M i s s i o n  
( H CMM ) p roj ect u t i l i z i n g a sate l l ite w i t h  a 10 . 5  - 1 2 . 5  m i c ro n  s e n so r. 
F rom d ata col l ected by t h i s  s atel l i te , H e i l ma n  a n d  Moo re ( 19 8 1 ) s h owed 
t h at h i g h  so i l moi s t u re a rea s co u l d  be detected f rom the H CM M  s ate l l i te 
data with a s i g n i f i ca n t  co r re l a t i o n  ( r  = 0 . 74)  fo r so i l mo i st u res at  0 to 4 
e m  depth s afte r em p i  r i ca I est i mates a n d  co r recti o n s  were pe rfo rmed. 
T h e  est i mates we re n eeded to a cco u .. nt  fo r t h e  va r i. ety a n d  cov e r  d e n s i ty 
of c rops i n  easte r n  S o u t h  Da kota a n d  a co r rect ion  of t h e  H C MM 
ra d iomet r i c  tem p e ratu res to sta n d a rd k n ow n  temperatu res. S i m i l a r  
stu d i es to compa re t h e  t h e rma l i n f ra red data to soi l mo i st u re co n d it i o n s 
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we re ca r r i ed o u t  a n d  s umma r i zed i n  t h e  a f i n a l  repo rt Eva l u a t i o n  of 
H CMM Data fo r A s s es s i ng So i l  M o i s t u re a n d  Wate r Tab l e D ep t h  ( 1 98 1 ) .  
S ho rt ( 1 982 ) con c l u d ed t h a t  b efo re t h e rmog ra p h i c  m a pp i n g  of so il 
mo i stu re con d i t i o n s ca n b e  u s ed fo r opera t ion a l  p u rpo s es , mo re wo r k  i s  
n eeded . P r i ce ( 1 984 ) con c l u d ed t h a t  a p pa rent t h e rm a l  i n e rt i a (A T I ) , 
t h e  d i ffe ren ce · fo u n d between t h e  ea r l y  mo r n i n g low tem p e ratu re t h e rm a l 
i ma g es a n d  afte r noo n h i g h  tem p e ratu re t h e rma l i mages , we re of n o  va l u e 
i n  h i g h l y u s ed a g r i c u l t u ra l  a rea s . T h i s  wa s d u e  to t h e  va r i at i o n  of 
s u rface eva po rat i o n  rates ca u s ed b y  c rop ca nop i es. H owev e r ,  A T l  wa s 
fo u n d  u sefu l fo r d ry e n v i ro n me n ts .. 
Va r io u s  t h eo ret i ca l a n d  emp i  r i ca I mod e l s  h a ve been d ev e l oped to 
p red i ct s atel l i te te l emet ry data a n d  co n d it i o n s s ee n  i n  sma l l  p lot tests . 
Meyer ( 1 972 ) dev e l oped a f i n i te d i ffere n ce h eat f l ow mod e l  to s i m u l a te 
h eat  f l ow t h ro u g h a so i l p rof i l e  d u r i n g a d i u rn a l  per iod as a f u n ct i o n  of 
so i l moi stu re . T u n h e i m  ( 1 97 7 )  mod i f i ed t h e  mod e l  to p red i ct a s o i l 
tempe ratu re d iffe re n ce p rof i l e  between i r r i g ated a n d  d ry p l ots  w i t h  
i d e n t i ca l so i l p rof i l es. B e u t l e r  ( 1 980 ) mod i f i ed t h e  mod e l  to wo r k  w i t h  
a n y s o i l type p rof i l e  u sed fo r t h e  i r r i g ated a n d  d ry p l ot s . H e  a l s o 
v e r if i ed t h at t h e  mode l  co r rect l y  p red i cted t h e  fu n ct i o n a l  tem p e ra t u re 
d ifferen ces obs e rv ed at th e s u rface of t h e  two p l ots . H e i l ma n  a n d  
Moor e  ( 1 98 1 ) u s ed a n  em p i r i c a l  mod e l  to s how t h e  re l at i o n s h i p  of s o i l 
mo i stu re at t h e  0 to 4 e m s d epth s to t h e rma l i nf ra red data , p e rce n t  
ca nopy cove r  p res e n t , a n d  m i n i m u m  a i r tem p e ratu res. 
P r i ce ( 1 980) deve l oped a mod el  w h i c h  u sed remote l y  s e n s ed 
t h e rma l data a n d  p red i cted 24 h o u r eva po rat ion  rates a n d  d i u  r n a  I h ea t  
capa c i ty a s  a f u n ct i o n  of soi l moi stu re . H i s  mode l  ca l c u l ated mea n 
s u rfaces tempe ratu re s  f rom re l at i o n s h i p s  of a b so rbed a n d  em i tted 
l o n gwave a n d  s h o rtwa v e  ra d i at io n , tog et h e r  w i t h  a l bedo a n d  s u rface 
temp e ratu res , meteo ro l og i ca l  data , a n d  s u rfa ce c h a ra cte ri s t i c s . H o rto n 
( 1 98 2 )  co n c l u ded t h at c rop coeff ic i en ts fo r eva pot ra n s p i rat i o n  were 
affected by so i l mo i st u re co n d i t i o n s a n d  ca nopy d eve lopme n t . H o rton 
a l so n oted t h a t  p a s t u res h a ve a sma l l  eva po rat ion  com po n e n t  of 
eva potra n s p i rat i o n, a n d a n  i n s i g n i f i ca n t  eva po rat i o n  effect on i ts 
coeff i c i e n ts . 
N es s  ( 19 82 )  fu rt h e r  mod i f i ed t h e  mod e l  of B e ut l e r' s  ( 19 80 )  to 
i n c l u d e  c rop a n d  so l a r  pa ra mete rs  to accou nt fo r g ro u n d  s h a d i ng .  H e  
7 
fo u n d  th at t h e  com p u te r  mod e l  p red i cts a q u a d rat i c  re l a t io n s h i p  b etween 
s u rfac e tempe ratu re d i ffe re n ces a n d  moi stu re d i ffe rences fo r t i me 
i n depe n den t  s o i l mo i stu re . Roes l e r  ( 1 984 ) fou n d  that  a s i g n i f i ca n t  
l i n ea r  re l at i o n s h i p  e x i sted fo r s ma l l  p l ot d ata w h e n  com pa r i ng s u rfac e 
temperat u re d ifferenc es to so i  I mo i st u re d i ffe re n ces , ra th e r  t h a n  t h e  
q u ad rat ic  re l at i o n s h i p  fo u n d  by N es s . Roes l e r  a l so fou n d  t h at t h e  
a d d i t i o n  of a i r  tem pe ratu re to t h e  model  s ig n i f i ca n t l y added t o  t h e  mod e l  
p red i ct i o n s . 
8 
Data Process i n g Proced u re 
D u e  to t h e  s cope of t h e  data i n vol ved , a sma l l  ma i n f rame com p uter  
was u s ed to  p roces s the  d ata . The  p r i ma ry data p roces s i ng wa s 
pe rfo rmed o n  t h e  I BM 370/303 1 A P ma i n f rame located i n  t h e  Com p u t i ng 
Center at  S o u t h  Da kota State U n i ve rs i ty ( S D S U) ,  u s i ng I B M' s 
VS - Fortra n a n d  a s s emt;> l e r  a n d a stat i st i ca l  pac kag e  w r i tten by 
Stat i st i ca l A n a ly s i s  Sy stem s ( S A S) .  Po rtio n s  of t h e  d ata were a l so 
p roces s ed by a H P3000 m i n i comp u te r at  t h e  E RO S  Data C e n te r  r u n n i ng 
a n  i n te ract i ve d ig i ta l i mag e  ma n i p u l a t i o n  sy stem ca l l ed I D I M S ,  a n d a 
P r i me 400 m i n i com p u t e r  at  t h e R emote S e n s i ng I n st i tute o n  t h e  S D S U  
camp u s  w i t h  va r io u s  i mag e  p roces s i ng p rog rams w r i tten at th e i n st i t u te . 
T h e  data fo r each i n d i v i d u a l  v a r i a b l e  i n  t h e  mode l  eq u at i o n s wa s 
p roces s ed i n d i v i d u a l ly a n d  l ate r p l aced tog ethe r  i n to a l a rg e  d ata b a s e  
co nta i n i ng a l l  o f  t h e  n eeded va r i a b l es . I t  s h ou l d  be noted t h a t  to 
p roces s t h e  q u a n t i ty of d ata req u i red , a p p rox im ately 1 90 , 098 i mag e  
samp l e  s ites w i t h i n  S o u t h  Da kota , some of t h e  l a te r p roces s i ng req u i red 
l a rg e  amo u nts  of com p u te r  t i m e  a n d  resou rces on t h e  sma l l  ma i n f ra m e . 
Thermog raphy 
T h e rmog ra p hy d ata was tak e n f rom an i mag e  p rod u ced by t h e  
N O A A-6 s atel l i te , o n  J u ly 6 ,  1 981  a t  9 : 38 A M  ·ce n t ra l  day l ig h t t i me , 
obta i n ed f rom t h e  Remote S e n s i ng I n s t i t u te a n d  E RO S  D ata C e n te r .  
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T h e· data i s  p rod u ced by i nf ra red a n d  opt ica l s e n so rs located o n  t h e  
s atel l ite a n d  i s  s to red i n  t h e  s ate l l i te fo r l ate r t ra n sm i s s io n  t o  a g ro u n d  
recei v i ng s i te. T h e reso l u t i o n  of t h e  sen sors  i s  o n e  k i lom ete r by o n e  
k i l omete r .  T h e  d a ta s t ream recei ved i s  made u p  of a h ea d e r  l a be l  d ata 
b l ock w h i ch con ta i n s  s ate l l i te i de n t i f i cat ion , l ocat io n ,  t i m e ,  a n d  va r i ab l e s  
desc r i b i ng t h e  i m ag e ry d ata t o  fo l low . I mag e ry d ata th en fo l l ows w h i c h  
h a s  va r i o u s pos i t i o n i ng a n d tel emet ry va r i a b l es fo r ca l ib rat i o n  p u rpo s e s  
fo l lo wed by 2048 i n d i v i d u a l  p i ct u re e l em e nt ( p i x e l )  b loc k s  con ta i n i ng 
sepa rated s e n s o r  ra ng es ( c h a n n e l s ) . 
pos i t ion i ng a n d  te l emet ry va r i ab l e s . 
reco rds o r  o n e  p hy s i cal d ata b l oc k . 
T h i s  i s  t ra i l ed by ad d i t i o n a l  
T h i s  compos es two log i ca l d ata 
T wo p hy s i ca l  data b l oc k s  a re 
n eed ed fo r eac h  i n d i v i d u a l  l i n e i n  a p i ctu re i mag e made of a p p ro x i mate ly 
1 500 l i n es ,  res u l t i ng i n  a n  i mag e  of a bo u t 3 m il l io n  p i x e l s . T h i s  ty p e  of 
i mag e  fo rmat i s  k now n a s  L oca l A rea Cov e rag e/H ig h  R esol u t i o n  P i ct u re 
T ra n sm i s s i o n  ( LAC/H R PT ) . T h e raw i mag e  f ro m  wh i ch t h e  d ata fo r th i s  
















I F i g u re 1: 
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N OA A -6 A l l  C h a n n e l Compos i te Raw I mag e of t h e  





L ________________________________________________________________ j 
T h e  i mag e  wa s f i rst  p roces s ed by t h e  I D M S sy stem to e x t ra ct t h e  
sect i o n  of t h e  i m ag e  co n ta i n i ng t h e  state of South  D a kota , a n d  wa s t h e n  
ma s ked w i t h  n u l l  va l u e s  t o  s h ow o n l y  t h e  state . T h i s  u s es a p roces s 
k n ow n  a s  i mag e  reg i s t rat ion  w h i c h  i n vo l ve s  t h e  u s e  of t h e  I D MS s y stem 
to locate k now n s i tes w i t h i n  t h e  ar ea a n d  to co rrect fo r a n y  s kew i ng 
a n d· d i sto rt i o n  ca u s ed b y  d i ffe re n t  s peed s between t h e  ea rt h' s  rotat ion  
and  sate l l i te o r b i t  s p eed . A ma s k  i s  a d d ed to · t h e  reg i ster ed i mag e to 
· s h ow o n l y  t h e  state afte r t h e  pos i t io n s  h a ve been v e r i f i ed . T h i s  
1 1  
red u ces t h e  i ma g e  to a p p ro x i mate l y  450 l i n es by 650 p i x e l s ,  some of 
w h i c h  a re n u l l  mask v a l u es , l eav i n g a p p rox i mate l y  1 90 ,000 p i x e l s  of 
i nte rest . T h e  i m a g e  w a s  sepa rated i nto i n d iv i d u a l  se n so r  c h a n n e l s . 
C h a n n e l  4 ,  w h i c h  i s  t h e  t h e rma l i nf ra red s e n s o r  ra n g e  of· 1 0 . 5  to 1 1 . 5 
m i c ron s ,  i s  s h ow n  i n  F i g u re 2 .  T h e  data wa s t h e n  t r a n s fe red to t h e  
I BM ma i n f rame to co nv e rt t h e  v a l u es to t h e  act u a l  tem p e ra t u res . 
NOAA - 6  T h e rma l I nf ra red Im a g e  of S o u t h  Da kota . 
·To co nv e rt t h e  i m a g e  d ata to act u a l  tem p e rat u re d ata, bot h t h e  
raw i ma g e  i nfo rmat i o n  a n d  t h e  e x t ra cted t h e rma l im a g e  m u st b e  u s ed . 
1 2  
T h e  eq u at io n s  u s ed fo r con ve rs i o n  to ac t u a l  tempe ratu re  rea d i n g s  a re 
s hown i n  F i g ur e  3 a n d  a re d es c r ib ed i n  N OAA Pol a r  O rb ite r D a ta U s e rs 
G u i d e  ( 1 984) . T h e  va l u es u sed fo r t h e  s lope a n d  i nte rcept of E q u at i o n  
1 we re e x t racted f rom t h e  r a w  i ma g e  data by t h e  S A S  p rog ram s how n i n  
Appe n d i x A 1. T h i s  p rog ram w i l l  e x t ra ct t h e  ca l ib rat ion  fo r t h e  t h e rma l 
i nf ra red s e n s o r  f rom t h e  te l em et ry ca l ib rat ion  va r i a b l es h ea d i n g  ea c h  
l i n e of i mage data a n d  repo rt d at a  s et h eader i nfo rma t i o n  a n d  stat i st i ca l 
va l u es for each of t h e  pa ram ete rs. T h e  average va l u e fo r t h e  w h o l e 
i mage i s  u s ed fo r ea c h  · pa ramete r, s i n ce t h e  var i a n ce i n  each  p a rameter  
i s  n ot g reat e n ou g h  to  wa r ra n t  t h e  mo re i n vo l ved a p p roac h  of 
e x t racti n g  th_ e pa ramete rs fo r each  l i n e  of t h e  image . T h e  va l u e fo r t h e  
con sta n t  W i n  Eq u a t i o n  2 i s  th e ce n t ra l  wave n u mbe r fo r t h e  
temperatu re ra n g e  des i red f rom im age c h a n n e l  4 fo r t h e  s a te l l i te u s ed. 
T h i s  i s  9 1 1 . 41 fo r F i g u re 3 p resen ted h e re. T h e  eq u at io n s  a re a p p l i ed 
to eac h  po i n t w i t h i n  t h e  im a g e  to p rod u ce t h e  des i red tem p e ra t u re 
rea. d i n g s. T h e  comb i n at i o n  a s s emb l e r  a n d  VS - Fo rt r a n  p rog ram s how n i n  
A p pen d i x  A2 p rocesses  t h e  i m a g e  c reated b y  t h e  I O MS s y stem a n d  
w r i tes a n ew ima g e  of t h e  tem p e ratur es read. T h i s  data wa s p l otted by 
the S A S  p rog ram l i s ted i n  A p pe n d i x A3 wh i c h  res u l ts i n  t h e  





= S. C +I. 
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C = input satellite value, ranging from 0 - 1023 
S = slope, read from the sensor calibration data 
I = intercept, read from the sensor calibration data 
T(E) = 
0 T = temperature ( K) 







E = energy value, from equation 1 
W = central wave number for sensor temperature range 
C
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E q ua t io n s U s ed fo r I ma g e  Va l u e to T em p e ra t u re 1 
Va l u e Co nv e rs io n .  E q ua t io n s f ro m  NOAA Pol a r  1 
Orbiter Da ta ( T  I ROS-N, NOAA-6, NOAA-7, a n d  1 I ) NOAA-8) U se rs G u i de (1984 . I 
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Norma l i zed Difference 
·· N o rma l i zed d i ffe re n ce i s  a sate l l i te gathered pa ramete r w h i c h  
i n d i cates t h e  g reen l ev e l o f  t h e  l a n d  cov e red . T h i s  g iv es a v eg etat i o n  
i n de x . T h i s  pa ramet e r  wa s d ev eloped b y  Dee ri n g  a n d H a s s  ( 1 980 ) to 
est imate t h e  g reen b ioma s s  f rom La n d sat  ima g es. I t  was a l so u s ed to 
mo n i to r ra n g e  feed a n d  d ro u g h t  co n d it ion s of t h e  G reat P l a i n s . T h ey 
fo u n d t h a t  g reen a n d d ry v eg etat ion  ref l ect a n d  ab s o rb e n e rg y  i n  t h e  
v i s i b l e  a n d  n ea r - i nf ra red s pect r u m  d iffe re nt ly  a n d  t h at t h i s  d i ffe ren ce 
cou l d be u s ed to d etec t  v eg etat i o n  con d it i on s .  T h ese s pect ra l  a rea s 
we re re l a ted to t h e  red b a n· d e n e rg y  ( c h. a n n e l  5 )  a n d  t h e  n ea r - i n f ra red 
b a n d  e n e rg y  ( c h a n n e l s  6 a n d 7) of t h e  La n d sat spect ra l i ma g es . T h e  
pa ramete r i s  d ef i n ed a s  t h e  d iffe rence b etween t h e  n ea r- i nf ra red a n d  
red -b a n d  a rea s d iv i d ed b y  t h e  s u m  of t h e  two a rea s . T h i s  y i el d s  a 
norma l i zed d i ffe ren ce p a ra mete r fo r est imat i n g  g reen b ioma s s ,  o r  a 
v egetat i o n  i n d e x  ( F i g u re 5 ) . Veg etat ion  i n dex v a l u es we re ca l c u l ated 
fo r t h e  s ate l l i te image u s ed i n  th i s  p roj ect at  t h e  E RO S  Data C e n te r  
u s i n g  i ma g e  c h a n n e l s 1 a n d  2 .  T h e  d ata was t h e n  t ra n s fe r red to t h e  
S DS U' s  I BM ma i n f ra m e  for conv e rs ion  to i n teg e r  fo rmat a n d  i n cl u s i o n  i n  
t h e  com p l ete mode l . 
r 
V eg eta t i o n  I n d e x  (V I )  = N ea r  JB .: R ed 
N ea r  I R  + R ed 
N ea r  I R  = La n d sa t  MSS c ha n n e l s 6 a n d 7; N OA A  c ha n n e l 2; 
a pp ro x i ma te l y . 0 .  7 - 1. 1 m i c ro n s .  
Red = La n d sa t  MSS c h a n n e l  5; N OAA cha n n el  1; 
a pp ro x i ma te l y . 0. 6 - 0 . 7  m i c ro n s. 
V egeta t i o n  l n d e x (V I) = v a l u es b etwee n  - 1  a n d  + 1 , 
w h i c h  a re s ca l ed to n u me ri c  
va l u es  o f  0 to 255 , est imat i n g  
g reen b i oma s s; v a l u e s b e low 
1 27 a re rela t iv e l y  b a r ren . 
F igu re 5 :  N o rma l i zed D i fferen ce Eq u a t ion  U sed fo r V eg eta t i o n  
Cov e ra g e E s t i mat ion . Eq u at i o n  f rom U s i n g  La n d sa t  
D i g i ta l  Da ta F o r  E st i ma t i n g  G reen B i oma s s ,  b y  
Dee r i n g  a n d Haa s ( 1 980) . 
1 6 
l 
1 7  























































I I I 
I 







�� I I 
I 
'""  I ....... ::;.. 
-




F igure 6 :  

















No rma lized Differe n ce Ma p of Sout h Dakota; a t  9 : 38 1 
COT, Jul y  6 ,  19 81 . I 














Ra i nfa l l  
A l a rg e  data b a s e  of d a i ly p rec i p i tat ion  fo r t h e  e n t i re state wa s 
av a i l a b l e  f rom t h e  S o u t h  Da kota State Depa rtment  of N at u ra l R esou rces . 
I t· con s i sted of a n etwo rk of a p p ro x i mately 1300 ra i n fa l l  g a u g es 
d i st r i b uted to fa rme rs a n d  ra n c h e rs f rom wh i c h  d a i ly mo r n i n g  read i n g s  
we re ta ken  fo r p rec i p i ta t i o n  d u r i n g t h e  p rev i ou s 24 h o u rs  ( F i g u re 7 ) . 
T h i s  d ata wa s rea d by t h e  p rog ram l i sted i n  Appen d i x  A4 to e x t ra ct t h e  
data fo r t h e  f iv e  d ay s  p r i o r  t o  t h e  sate l l i te im a g e. T h e  p rog ra m u sed a 
data l i s t d e s c r i b i n g  t h e  statio n s  i n  geog ra p h i c  l a t i t u d e  a n d l o n g i t u d e  
a n d  conv e rted t h e s e  t o  t h e  ma p coo rd i n ates u s ed by t h e  sate l l i te i m a g e  
u s i n g A l be r' s  Eq u a l  Con i c a l A reas  Eq u a ti o n s ( B u l l et i n 1 532 o f  t h e  U S  
G eo l og i ca l  S u rv ey ( 19 82 ) ) .  T h e  v a l u es we re s eeded i n to a b l a nk i m a g e  
at the  locat i o n s fo u n d a n d e a c h  v a l u e wa s eq u a l ly s p read f rom t h e  
seeded po i n t i n  a c i rc u l a r ma n n e r  u n t i l oth e r  c i rc u l a r  bou n d a r i es we re 
e n co u n te red. T h i s  wa s do n e  u n t i l no b l a n k  p i x e l rema i n ed. T h e  i m a g e  
wa s t h e n  p roce s s ed by a smoot h i n g  ro u t i n e  t o  h e l p  e l im i n ate a n y  s h a rp 
edges  f rom t h e  bo u n da r i es . A seco n d a ry p rog ram l i sted i n  A pp en d i x  
A5 p l a ced a ma s k  co n ta i n i n g t h e  state bo rd e r  bou n d a r i e s  ov e r  t h e  n ew ly 
c reated i mag e .  T h e  ma s k  wa s m a de f rom t h e  s atel l i te t h e rma l i ma g e  to 
p rov i d e  a sat i sfacto ry a l i g n m e n t  w h e n  p roj ected tog et h e r .  T h i s  i ma g e  
wa s· th en p l otted a s  wa s t h e  s atel l i te tem p e ratu re m a p  w i t h  a p rog ram 
s im i l a r  to th at g iv en i n  A p pe n d i x  A3 , ( F i g u re 8 ) . 
19 
1 
















F ig ur e  7· Ra i n fa l l  G a u ge Stat ion s for S o u t h  D a kota B etwee n 1 
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Soi l Moi stu re 
Soi l mo i s t u re d ata wa s col l ected a s  a j o i n t  effo rt b etween t h e  
S D S U  P hy s i c s  Depa rtm e n t  a n d  t h e  Remote S en s i n g  I n s t i t u te d u r i n g t h e  
s u mme r of 1 98 1  a s  a p a rt o f  t h i s  p roj ect a n d  oth e r  p roj ects c l os e ly 
rel ated to th i s  stu dy. T h e  d ata wa s co l l ected f rom 99 s i tes l ocated i n  a 
state - w i d e  n etwo rk ( F i g u re 9 ) a n d  wa s ta ken w i t h  a soi l p robe at 6 
i n c h  i nterv a l s  to d e pt h s of 3 to 4 ,  feet with  dept h s v a ry i n g  a s  
con d it ion s permitted. T h e  so i l samp l es we re wei g h ed befo re a n d  after  
d ry i n g  in  a po rta b l e  m i c rowav e ov e n  to d ete rm i n e t h e i r v o l um et ri c  
moi stu re co n te n ts. T h es e  rea d i n g s  we re taken i n  Ea ste rn S o u t h  Da kota 
tw i ce each week d u r i n g J u n e ,  J u ly ,  a n d  A u g u st a n d  a bo u t  o n ce ev e ry 
wee k fo r t h e  Wes te r n  S o u t h  Da kota reg io n s d u r i n g  t h e  s a me p e r i od . 
T h e  data was p l a ced i n to a com p u te r  data f i l e  fo r l ate r a n a ly s i s . · 
A n a ly s i s  of t h e  d ata wa s a ccomp l i s h ed by u s e  of a S A S  p rog ra m 
( A ppe n d i x  A 6 )  w h i c h  d ete rm i n ed t h e  data rea d i n g s  ta ken on  t h e  d ay 
des i red o r  e x t ra po l ated b etween two rea d i n g s  ta ken w i t h i n  a 1 0  d ay 
per iod of t h e  des i red d ata. T h i s  wa s t ra n sfe r red to a VS - Fo rt ra n 
p rog ram wh i c h  wa s s i m i l a r  to t h e  p rog ra m dev eloped fo r ra i n fa l l  im a g e  
m a p  mak i n g , b u t d i d  n ot a l l ow a ny z e ro v a l u es ( A ppe n d i x  A 7 ) . T h e  
i mage t h e n  receiv ed a m a sk of So u t h  Da kota bo rde r  bou n d a r i es w i t h  t h e  
p rog ram i n  A p p en d i x  AS , s i m i l a r  to t h e  ra i n fa l l  i ma g e,. a n d  wa s l a te r 
p l otted w ith  a p rog ram s i m i l a r  to t h e  o n e  i n  Appen d i x  A3 . T h i s  
p roce· s s  wa s do n e  fo r t h e  s u rface s o i l mo i st u re ( F i g u re 1 0  ) a n d fo r 
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F ig ur e 9 :  So i l  Moi st u re Col l ect ion S ites fo r S o u th D a kot a  
B etwee n 1 979 - 1 981 .  
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I I I Figu re 1 0 :  Su rfac e  So il Mo i s tu re Map of South Dakota o n  July 1 
I 6 I 19 81 .  I I I L _______________________________________ J 
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A i r  Tempe ratu re 
·· A i r  tempe ratu re rea d i n g s  fo r weath e r  repo rt i n g  s tat i o n s i n  S o u t h  
Da kota we re av a i l a b l e  f rom t h e  N at i o n a l  Ocea n i c a n d Atmos p h e r i c  
Adm i n i strat i o n  b u l l et i n ,  C l i ma to l og i ca l Data fo r S o u t h  Da kota d u r i n g 
J u l y ,  1 98 1. F rom t h i s  b u l l et i n ,  t h e  da i l y h i g h  fo r J u l y 6 ,  1 98 1  w a s  
reco rd ed , a lon g w i th t h e  s tat ion' s  geog rap h i c  l ocati o n . T h i s  d ata wa s 
u s ed i n  a p rog ram s i m i l a r  to t h a t  u sed to p rod u ce a s o i l moi stu re ma p 
wh i c h  d i d  n ot a l l ow z e ro v a l u es i n s i de t h e  i mag e .  T h e  ma p wa s ma s ked 
ag a i n  with the state bo rde r  bo u n da r i e s  by the p rog ram in A p pe n d i x  AS . 
Da i l y h i g h  tem pe rat u res we re u s ed beca u se of t h e  re l a t iv e l y  s h o rt t i m e  
betwee n t h e  sate l l i te  ov e rpa s s  a n d t h e  u s u a l  occ u ra n ce o f  da i l y  h i g h  
tempe ratu re rea d i n g s . H i g h  tempe ratu re rea d i n g s  a l so s eem to 
rep rese n t  t h e  so i l moi stu re a n d atmos p h e r i c  con d i t io n s  p re s e n t  fo r t h e  
s u r ro u n d i n g a rea , w h i c h  m a y  affect s a te l l i te read i n g s. T h e  res u l t i n g  
i ma g e  ( F i g u re 12 ) wa s p l otted by a p rog ram s i m i l a r  to t h a t  of 
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C rop La n d  Use I nte n s ity 
A d i g it i zed ma p of S o u t h  D a kota i n d i cat i n g  l a n d  c u l t iv at ion  p e rce n ta g es 
was obta i n ed f rom t h e  R emote S en s i n g I n st i tute t h ro u g h D r .  F. W es to n . 
T h e  ma p i n d i cates s o i l con d it i o n s  a n d  compos it ion . I t  a l so co n ta i n s  a n  
i n d i cato r of t h e  cu l t iv ated v eg etat i o n  l ev e l s  p resent fo r a p a rt i c u l a r  s o i l 
ty pe. T h i s  pa ram ete r d et e rm i n es t h e  p rop rot i o n s  of c ro p  l a n d  o r  
u n cu lt iv ated ra n g e  l a n d , w h i c h  a i d s  i n  s u bd iv i d i n g t h e  a rea s i n to 
sma l l e r  reg ion s by so i l ty pe o r  c u l t iv ated c rop l a n d  pe rce n ta g e s . Some 
p rob l em s  we re fo u n d  with t h e  o r i g i n a l  d i g i t i zed m a p  w h i c h  at  t im es 
i nv a l i d ated t h e  so i l ty p e  rea d i n g s. T h e refo re,  on ly t h e  c u l t iv a t ion  
pe rcen ta g e  wa s con s i d e red to  g iv e  a v a l i d read i n g f rom t h i s  m a p . T h e  
m a p  read i n g s  we re ta k e n  to t h e  S D S U' s  I BM ma i nf ram e a n d  co nv e rted to 
a sta n d a rd fo rm at f rom w h i c h  th e c u l t iv at ion  l ev e l s  we re e x t ra cted a n d  










































































































Th e I t h  Dakota. 
I 
of Sou 
u n d e r  
tat i o n Map 
of land 
I 
lt i vated Veg e 
h e  perce nta g e 
I 
Cu
p indicates  t 
J 
. rna . 
cu lt i vatlo n. 
29 
Sol a r  Pa ramete rs 
A f i n a l  ca l c u l at i o n  wa s d o n e  to d ete rmi n e  t h e  so l a r  ex pos u re t i m e ,  
t h e  s u n' s  a lt i t u d e  a bov e a f l at p l a n e ,  a n d  t h e  s u n' s  o r i e n ta t i o n  f rom 
t r u e  South  fo r eac h  of t h e 1 90 , 098 p ix e l s . T h e  p rog ram to ca l c u l ate 
t h e  s u n' s  pos i t i o n  a n d  ex pos u re t ime fo r a n y  g eog ra p h i c  pos i t i o n , g iv en 
the  date of i n te rest , u s ed eq u at i o n s ta ken from P ra ct i ca l A s t ro n omy 
with  Y o u r Cq l c u l ato r ( D u ffett - S m i t h ). Bes i des ca l c u l at i n g  t h es e  
pa ramete rs , t h e  p rev i o u s images  p rod u ced o r  gat h e red f rom a s ate l l i te  
were com b i n ed a n d  a d ata ca rd fo r each of  t h e  19 0 , 09 8  p ix e l s  wa s 
p rod u ced co n ta i n i n g a l l  t h e  pa ra mete rs ment i o n ed . T h e  p rog ra m u s ed 
fo r th i s  p roced u re was w ri tten i n  VS- Fo rt ra n  ( A p p e n d ix AS ) a n d  
req u i res t h a t  a l l s ate l l i te o r  comp ute r g e n e rated i ma g e s  b e  av a i l a b l e  to 
p rod u ce a compos ite i ma g e . T h e  s u n  ex pos u re data w a s  ex t racted f rom 
the  data p rod u ced a n d  p l otted by a p rog ram ( A p pe n d ix A3 ) to p rod u ce 
the  i ma g e  i n  F i g u re 1 4. T h e  com po s i te d ata p rod u ced f rom t h i s  step i s  
rea dy fo r a n a l ys i s  b y  t h e  Stat i s t i ca l  A n a l y s i s  Sy stem ( S A S ) p rog ram 
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3 1  
Data A n a lys i s  
T h e  data g e n e rated a s  descr i bed i n  t h e  p rev io u s  s ect i o n s wa s 
a n a l yz ed by a p roced u re f rom S A S  to p rod uce a ch a rt s how i n g  t h e  
ra n ge a n d  f req u e n cy o f  t h e  d ata p rod u ced fo r each  o f  t h e  key 
v a r i a b le s . T h e  v a r i a b l es av a i l a b l e  fo r u se a re sate l l i te tem pe ratu re , 
g ro u n d  a i r  tem pe rat u re ,  n o rma l iz ed d iffe ren ce i n dex , ra i n fa l l , so i l 
moi stu re at t h e  s u rface a n d n ea r  s u rface , so l a r  e x pos u re t i m e s  a n d 
pos it ion  coo rd i n ates , a l a n d  u se i n dex  f rom wh i ch t h e  c u l t iv ated 
v egetat io n  l ev e l is d e r iv ed ,  a n d  p i ctu re l i n e a n d  p i x e l coo rd i n ates. T h e  
data wa s rea d i n to a S A S  d ata ba s e  structu re a n d  pos s i b l e  i nv a l i d 
poi nts we re de l eted f rom th e d ata . T h e  p rog ram a l so s u b d iv i d ed t h e  
state i n to 7 1  a rea s mea s u r i n g 5 0  b y  7 0  p i x e l s ( F i g u re 1 5  ) ,  b u t  w h i c h 
v a r i ed at  t h e  state' s  bou n d a r i e s . D u e  to t h e  l a rge  a rea cov e red a n d  
t h e  pos s i b l e  c h a n ces fo r e r ro r  i n  dete rm i n i n g t h e  e x a ct pos i t i o n s  of 
samp l e  s i tes , it wa s d ete rm i n ed t h at sma l l  s u bd iv i s io n s  of t h e  state 
wo u l d  best rep res e n t  t h e  t r u e  co n d it i o n s  rat h e r  t h a n  t h e  i n d iv i d u a l  
p i x e l  v a l u es .  Wit h i n  e a c h  s u bd iv i s i on  t h e  key v a r i a b l es w e re s u mmed 
a n d  av e ra g ed to p rod u ce a s i n g l e v a l u e fo r each v a r i a b l e  w i t h i n  t h e  
s u bd iv i s io n . T h e  res u l t i n g  data we re a n a l yzed w i t h  a S A S  I n s t i t ute  
p roced u re ca l l ed S T E PW I S E  w h i c h  p rod u ces a stepwi s e  l i n ea r mod e l  fo r 
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Satel l ite Tempe ratu re Mode l l i ng 
Acco rd i n g  to t h e  S tefa n - Bo l tzm a n  l a w ,  t h e  t h e rm a l  e m i tta n ce i s  
p ropo rt ion a l  to t h e  t h e  s u rfa ce tem pe rat u re ra i s ed to t h e  fou rt h  powe r .  
T h e  sate l l i te tem pe ra t u re u sed t h e  m ea s u red i n f ra red em itta n ce ,  w h i c h  
res u lted i n  t h e  tem pe ratu re u s ed h e re .  T h i s  tem pe ratu re wa s t h e n  
a n a lyz ed a s  a f u n ct i o n  o f  s u rfa ce a i r tem pe ratu re , ra i n fa l l , n o rm a l iz ed 
d iffere n ce ,  s u n  e x pos u re l e n gt h , l a n d  c u l t iv at i on l ev e l s ,  a n d  s o i l 
m o i stu re; a l l  of w h i c h  m ay p l ay a ro l e  i n  t h e  actu a l  g rou n d  s u rfa ce 
tem pe ratu re . T h i s  does n ot m ea n  t h at the te rm s  u s ed i n  t h i s  eq u a t i o n  
wi l l  p red i ct t h e  g rou n � tem pe ratu re , b ut t h ey a re u s ed beca u s e o f  t h e  
c lose re l a t ion s h i p  of th e s e  te rm s  to s u rfa ce g ro u n d  temperat u re .  T h e  
stati st ica l res u l ts  s h ow n i n  Ta b l e  1 i n d i cate a h i g h  co r re l at i o n  to t h e  
m ea s u red s atel l i te tem pe ra t u re . T h e refo re , t h e  te rm s  u s ed i n  t h e  
eq u at ion  m u st h av e  som e  bea r i n g  on t h e  sate l l i te tem pe ratu re . A c l o s e  
i n s pect ion  o f  t h e  stat i s t i ca l  res u l ts s h ows th at ra i n fa l l ,  a i r  tem p e ratu re , 
a n d n o rm a l iz ed d i ffe re n c e  h av e  t h e  b i ggest  i n f l u e n ce on  sate l l i te 
tem pe rat u re .  T h e s e  pa ram ete rs a re fo l l owed by s u n  ex pos u re l e n gt h  
a n d so i l m o i stu re v a l u es . T h i s  i n d i cates t h at t h e  pos s i b i l i ty of 
p red i ct i n g  o n e  of th e s e  v a l u e s  f rom a n  eq u at ion co n s i st i n g  of t h e  oth e r  




Ta b l e  1 :  S a te l l i te Tem p e ratu re Mod e l l i n g  R 2 Stat i s t i c  R es u lt s  
Obs e rv at i o n s  a re d iv i d ed i nto 7 1  reg i o n s a n d  t h e  mea n o f  ea c h  
pa ramete r w i t h i n  t h e  reg i o n  i s  u s ed .  
Sate l l i te tempe rat u re= s u rface a i r  tempe rat u re* ( a )  + ra i n fa l l* ( b )  + 
n o rma l i zed d i ffe re n ce* ( c )  + S u n  e x pos u re 
l e n gt h* ( d )  + La n d  c u lt iv a t ion  l ev e l * ( e )  + so i l 
mo i st u re at s u rface* ( f )  + so i l mo i st u re a t  
n ea r  s u rface* ( g )  + Con sta n t 
O b se rvation 
cou nt 
7 1  
R 2 





















G rou n d  A i r  Tempe ratu re Mode l l i ng 
U s i n g the a i r  temp e rat u re as t h e  depen dent  v a r i a b l e  i n  t h e  l i n ea r  
eq u at ion  p roces s i n  p l ace of s ate l l i te tem pe ratu re a l so res u l t s  i n  a h i g h  
deg ree of co r re l at i o n . T h i s  i s  som ew h at s u rp r i s i n g ,  s i n ce t h e  a i r 
temperat u re mea s u rements  u s ed a re t h e  da i l y h i g h  tem p e rat u re 
read i n g s , wh i c h  do n ot n o rm a l l y  take p l ace u n t i l  t h e  afte r n oon , w h i l e 
th e sate l l i te read i n g s  u s ed a r� f rom a mo rn i n g  ov e rpa s s . T h e  stat i st i ca l 
a n a l ys i s  s h ows a s i g n i f i ca n t  co r re l at ion  of th e afte r n oo n  a i r  tem p e rat u re 
to t h e  sate l l ite tem p e ratu re te rm . Ot h e r  te rm s  of l es s e r  s i g n i f i ca n ce a re 
t h e  ·so l a r  e x pos u re l e n gt h , v eg etat ion  c u lt iv at ion  l ev e l a n d  n o rma l i zed 
d i ffe re n ce . T h e  v eg etat ion  c u l t iv at ion  l ev e l ,  so i l mo i st u re a t  s u rfa ce ,  
ra ·i n fa i l ,  a n d  s u n  e x po s u re l e n gth pa ram ete rs h av e  n egat iv e  
co r re l at io n s ;  w·h i l e  t h e  so i l mo i st u re at n ea r  s u rfa ce , sate l l i te 
tempe ratu re a n d  n o rma l i zed d i ffe re n ce ,  h av e  pos i t iv e  co r re l at ion s .  T h e  
35 
n egat iv e  co r re l at ion  fo r s o l a r e x pos u re l e n gth is  ca u sed by the s o l a r 
e x pos
.
u re t i mes at t h e  ea s te r n  s i d e  of t h e  state be i n g  g reate r t h a n  t h e  
weste r n  s i de d u r i n g mo r n i n g h o u rs , w h i l e  t h e  weste rn s i d e  o f  t h e  state 
h a s  h i g h e r  afte r noon tem pe rat u re rea d i n g s . T h i s  i n d i cates t h at t h e  
afte rnoon tempe rat u re rea d i n g s  ca n b e  p red icted f rom mo r n i n g  s a te l l i te 
temperatu re rea d i n g s  beca u s e  of patte r n s  s ee n  i n  t h e  mo r n i n g s ate l l i te 
read i n g s , i f  oth e r  fa cto rs rema i n  co n sta n t .  
r----------------------------------------------�--��------------- l I I I I_a_b_l e � :  A i r Tem p e ratu re Mod el l i n g  R 2 Stat i s t i c  Res u l ts  I I I I I I A i r temperat u re=So i l mo i st u re at s u rface* ( a )  + Soi l mo i st u re at  I I n ea r  s u rface* ( b )  + Ra i n fa l l* ( c )  + N o rma l i zed I I d i ffe re n ce* ( d )  + S u n  ex pos u re l e n g t h * ( e )  + I I La n d  c u l t iv at ion  l ev e l * ( f )  + Sate l l i te I I tem p e ratu  re* ( g )  + con sta nt  I I I I Obse rvat ion R 2 I 
· I cou n t res u lt I I I I 7 1  0 . 874 1 I I L J 
Ra i nfa l l  Mode l l i n g 
Beca u s e of t h e  s i g n i f i ca n ce of t h e  ra i n fa l l  pa ramete r i n  bot h of 
t h e  · p rev io u s  mode l  ca l c u l at i o n s ,  t h e  next  step was to rep l ace a i r  
tempe rat u re w i t h  ra i n fa l l  a s  t h e  depen dent  v a r i a b l e .  . . T h e  a i r  
tempe.rat u re i s  p l aced b a c k i n to t h e  i n depe n dent  v a r i a b l e  l i st a n d t h e  
soi l moi stu re v a r i a b l es d e l eted d u e  to t h e  l a rge we i g h t i n g  effect t h at 
they ca u s e on t h e  mode l . W h e n  t h e  stat i st i cs a re comp u ted , t h e  res u l ts  
36 
s h ow a ve ry good co r re l at i o n  fo r the mod e l  u s i n g the s u bd i v i d ed reg i o n  
va l u e s , w h i l e t h e  mod e l  u s i n g a l l  va l i d p i x e l  l ocat i o n s y i e l d s  a 
R - s q u a red stat i s t i c  w h i c h  i s  n ot a s  good a s  t h e  reg i o n a l  mod e l. T h i s  
i n d i cates t h at some p rob l em s  e x i st w i t h  pos it i on i n g of ove r l ay i n g  i ma g es 
a n d  data that  does n ot g i v e  a n  a cc u rate va l u e  fo r s ma l l  a rea s com pa red 
to t h at fo r t h e  l a rg e r  reg i o n s. T h e  s i g n i f i ca n ce l eve l s fo r t h e  va r i a b l es 
i n  the mode l  i n d i cates t h at a h i g h  co r re l at ion e x i sts  w i t h  sate l l i te 
temperatu re a n d  n o rma l i zed d iffe ren ce ,  w h i l e  t h e  s u n  e x pos u re l e n gt h , 
cu l t i vat ion l eve l s ,  a n d  a i r temperat u re a l l  h a v e  p rog res s iv e ly l es s  
s i g n i f i ca n ce .  T h e  n e$ a t i v e  co r re l at i o n s  fo r n o rma l i zed d i ffe re n ce ,  
satel l i te a n d  a i r tem pe ra t u re pa ramete rs  a re a ccepta b l e  d u e  to t h e  
d ry i ng  effect tem p e rat u res h a v e o n  moi stu re read i n g s , w h i l e h i g �  
g ree n n es s l eve l s  w i l l  i n d i cate pos s i b l e  i n accu rate coo l rea d i n g s. A 
pos i t i ve co r re l a t i o n  fo r t h e  vegetat ion cu l t i vat i o n  l eve l  i s  t h o u g h t to be 
accu rate w h en fa rm i n g  p ract i ces  i n  h ea v i e r  ra i n fa l l  a rea s a re 
co n s i d e red . T h e  n eg a t i v e  co r re l at io n fo r s u n  e x pos u re l e n g th s a re d u e  
to t h e  d r i e r  co n d i t i o n s t h at n o rma l ly wo u l d ex i st i n  t h e  weste r n  a rea s of 
the state , tog eth e r  w i t h  s ho rte r s u n  ex pos u re l e n gt h s  i n  t h e  mo r n i n g  
hou rs .  
D u e  to t h e  pos s i b l e  we i g h t i n g  of the  eq u at i o n  fo r s u n  e x pos u re 




res u l t i n g  R - s q u a red va l u e i s  a bout  t h e  s ame , w i th o n ly s l i g h t 








I · Ra i nfa l l  = s u rface a i r tempe ratu re* ( a ) + n o rma l iz ed I 
I d i ffe ren ce* ( b )  + La n d  cu lt iv at i o n  l ev e l * ( c )  + I 
I S u n  e x pos u re l e n gth* ( d ) . + s ate l l i te I 
I tem p e ratu  re* ( e )  + Co n sta n t I 
I I 
I I nc l u des  s u n  E xc l u des s u n  I 
I e xpos u re l e n gth s expos u re l e n gth s I I I . I Observation R 2 R 2 I 
I cou nt res u lt res u lt I I I 
I 7 1  0 . 6 1 7  0 . 6 1 2  I 
I I 
L------------------------------------------------------------------- J 
S i n ce i t  i s  obv io u s  t h at ra i n fa l l  does affect so i l m o i st u re l ev e l s ,  
t h e  n ex t  step i s  to d ete rm i n e  i f  so i l m o i stu re ca n be d ete rm i n ed a s  we l l 
a s  ra i nfa l l . T h e  ra i n fa l l  d e p e n d e n t  v a r i a b l e  i s  now rep l a ced by t h e  so i l 
moi stu re m ea s u rem e!lts  a n d  t h e  ra i n fa l l  v a r i a b l e  i s  p l aced b a c k  i n to t h e  
mode l , w h i l e a l l  so i i m o i s t u re v a r i a b l es a re rem ov ed .  T h e  res u l t i n g  
m od e l  y i e l d s  a R - s q u a red stat i s t i c of 0 . 362 fo r s u rfa ce so i l m o i st u re a n d 
0 . 4 1 9 fo r n ea r  s u rface m o i st u re .  T h e  eq u at io n s  fo r both m od e l s  a re 
som ewh a t  s im i l a r  w i t h  ra i n fa l l ,  s u n  e x pos u re t im e  a n d  n o rm a l iz ed 




I Ta b l e  4 :  So i l Mo i st u re Mod e l l i n g R 2 Stat i st i c  Res u l ts ; Step 1 .  I 
I 
I So i l moi stu re= s u rfa ce a i r  tem pe rat u re* ( a ) + ra i nfa l l* ( b )  + 
I n o rm a l iz ed d i ffe re n ce* ( c) + S u n  e x pos u re 
I l e n gt h * ( d )  + La n d  c u l t iv at i o n  l ev e l * ( e )  + 









7 1  
R 2 
for 
s u rface 




s u rface 
0 . 4 1 9  
L-------------------------------------------------------------------
So i l  Moi stu re Mode l l i n g 
Beca u s e ra i n fa l l  does we i g h t the  stati s t i cs , a n d  i t  i s  a v a r i a b l e  
that wou l d  a l so b e  d ete rm i n ed f rom t h e  sate l l i te ,  i t  w a s  rem ov ed f rom 
the  mode l .  T h e  n ew m od e l  s h ow s t h e  s i g n i f i ca n ce of s ate l l i te 
tem peratu res a n d  n o rm a l i z ed d i ffe re n ce on so i l m o i stu re .  T h e  m od e l  






thou g h t  to be a wei g h ted te rm ,  d u e  to m o i st co n d i t io n s  t h at e x i st i n  t h e  
ea ste rn  pa rt of t h e  s tate a n d  t h e  g reate r am ou nt of ex pos u re t im e  i n  
the mo rn i n g hou rs . T h i s  te rm i s  t h en e l i m i nated f rom t h e  mod e l l i n g 
eq uat ion . T h e  res u l t i n g  stat i st ics  then  i n d i cate t h e  s i g n i f i ca n ce of 
no rma l i zed d i ffe ren c e ,  v eg etat ion  cu l t iv at ion  l ev e l a n d  sate l l i te 
temperatu re .  T h i s  g iv es a l ower R - s q u a red co r re l at ion  stat i s t i c  of 




Ta b l e  5 :  S o i l Moi st u re Mod e l l i n g  R 2 Stat i st i c Res u l ts ; S tep 2 .  
Soi l mo i stu re= s u rface a i r  tem p e ratu re* ( a )  + n o rma l i zed 
Obse rvation 




d i ffe ren ce* ( b )  + S u n  e x pos u re l e n gt h * ( c )  + 
La n d  c u l t i vat ion  l eve l*(  d )  + s ate l l i te 




s u rface s u rface 





Ta b l e  6 :  So i l Mo i st u re Mode l l i n g  R 2 S tat i st i c  Res u l ts ; Step 3 .  
So i l moi stu re= s u rfa ce a i r temperatu re* ( a )  + · n o rma l i zed 
Obse rvation 
cou nt 
7 1  
d i ffere n ce* ( b ) + La n d  cu l t iv at i o n  l ev e l * ( c )  + 
s ate l l i te tem peratu re* ( d )  + Con sta n t  
R 2 
R 2 for 
for nea r 
su rface s u rface 
0 . 1 90 0 . 295 
I 
I 
I n  t h e  mode l  of H e i l ma n  a n d Moo re ( 1 981 ) ,  a n  em p i r i ca l  co r rect i o n  
to · t h e  s ate l l i te tempe ratu res a n d  emp i r i ca I est i mates w e r e  u s ed to 
accou nt fo r va r i ety a n d cov e r d e n s i ty of c rops a p pea r i n g  i n  t h e  sma l l  
a rea s u n d e r  s t u d y . S i n c e  t h e  est i mate fo r c rop den s i ty a n d cov e r  i s  
40 
a l rea dy a cco u n ted fo r i n  t h e  p rev i o u s  mo de l s by t h e  n o rma l i zed 
d i ffe ren ce a n d  v eg etat io n  c u l t iv at io n  l ev e l pa ra mete r s , co r rectio n fa cto rs 
fo r s ate l l i te tem p e ra t u res co u l d be a d ded to t h e  i n d ep e n d e n t  v a r i a b l es . 
T h i s  wou l d  t h e n  res u lt i n  a mode l  s i m i l a r  to H e i lma n a n d  Moo re' s , b ut 
wo u l d u se ca l c u l ated v a l u es i n stea d of em p i r i ca l v a l u es. 
A stat i st i ca l p ro ced u re f rom t h e  SA S I n st i t u te ca l l ed G LM 
( g e n e ra l i zed l i n ea r mo d e l l i n g )  wa s u s ed wh i ch d ete rm i n es t h e  mod e l  f ro m  
a l i st of pos s i b l e  i n d e pe n de n t  v a ri a b l es. T h e  data wa s p repa red fo r t h e  
p roced u re by i n c l u d i n g  v a r i a b l es t h at w h e re fo u n d  t o  b e  s i g n i f i ca n t  i n  
th e p rev io u s  mo d e l l i n g o f  s ate l l i te tempe ratu re to t h e  sate l l i te 
tempe rat u re te rm . T h i s  res u l ted i n  a l a rg e  n um be r  of pa ramete rs , b u t  
o n ly a few s i g n i f i ca n t ly affected t h e  s ate l l i te tempe ratu re . T h i s  p ro ces s 
wa s r u n s ev e ra l  t i m e s  to e l i m i n ate t h e  i n s i g n i f ica n t  te rms f rom t h e  
i n depe n d e n t  v a r i a b l e  l i st .  T h e  f i n a l  res u l t i n c l u d ed t h e  add i t i o n  o f  fou r 
i n te ract ion  terms w h i c h  may co r rect fo r a ny dev i at io n  of t h e  t r u e  
s atel l i te tempe ratu re . T h ese  te rms a re t h e  sa tel l i te tempe ratu re d iv i d ed 
by t h e  p rod u ct of a i r  tempe rat u re a n d no rma l i zed d iffe re n ce ,  s a te l l i te 
tempe rat u re m u lt i p l i ed by a i r  tem pe ratu re , sate l l ite · tem pe rat u re d iv i ded 
by t h e  v eg eta t i o n  c u l t iv at i o n  l ev e l  a n d  t h e  p rod u ct of s ate l l i te 
temperatu re a n d  v eg etat i o n  c u l t iv at ion  l ev e l d iv i d ed by t h e  n o rm a l i zed 
d iffe re n ce. 
4 1  
Res u lts 
Fo r t h e  f i n a l  p roces s i n g  of t h e  co l l ected d ata , a n ew p roced u re 
ca l l ed LEA P S  p rov i ded to t h e  S A S  I n s t i tu te by G .  F u rn iv a l  a n d  R .  
Wi l son ( 1 9 74 )  w a s  u sed. T h i s  p roced u re f i n d s  a s pec i f i ed n u m b e r  of 
mode l s h av i n g  t h e  l a rgest R 2 stat i st ic  fo r a s u b s et of mod el s w i t h  t h e  
s ame n u mber  o f  i n depen d e n t  v a r i a b l es ,  w h e re t h e  n u mb e r  of 
i n d epe n d e n t  v a r i a b l es i n c re a s e s  f rom 1 to t h e  tota l n u mber of g iv e n 
i n depen d e n t  v a r i a b l es. T h i s  p roced u re i s  s i m i l a r  to t h e  s tepw i se 
mod el l i n g  p roced u re ,  but p e rfo rms each step on a n u mber  of pos s i b l e  
mode l s ,  l ett i n g  t h e  u s � r c h oose th e most v a l i d mod e l . A n ot h e r  c h a n g e  
w a s  i n trod u ced to test t h e  rest r i ct ion s p l a ced o n  t h e  mode l  by t h e  
i nte rcept te rm . T h i s  wa s d o n e  by dec l a r i n g n o  i n te rcept i n  th e 
mode l l i n g p roced u re .  T h e  i n dependent  v a r i a b l es u s ed i n c l u d ed ra i n fa l l , 
soi l mo i st u res , a i r tempe ra tu re,  n o rma l i zed d i ffe rence,  v eg etat ion  
cu l t iv at ion  l ev e l s ,  s atel l i te temperatu re , and  t h e  i n te ra ct i o n  te rms fo u n d 
from t h e  p rev io u s  step , w i t h  t h e  depe n d ent  v a r i a b l es e x c l u d ed i n  ea c h  
res pectiv e mod e l l i n g . 
T h i s  p roced u re i s  a p p l i ed to t h e  ra i n fa l l ,  s u rface mo i st u re , a n d  
n ea r s u rfa ce mo i st u re a s  d e s c r i bed a bov e. T h e  res u lts  of t h es e  mod e l s  
i n d icated a s i g n i f i ca n t  g a i n  i n  co r re lat ion  fo r a l l  of th e mod e l s  i nv o l ved . 
A poss i b l e  p rob l em wa s s ee n  i n  t h e  mod e l s  d i s p l ay ed fo r ra i n fa l l. T h i s  
wa s � ra n dom s i g n  c h a n g e  fo r t h e  i n depen dent  te rm s , a b e h av i o r  w h i c h  
u s u a l ly i n d i cates some co l l i n a r i ty o r  i n f l u e n ces by a dj o i n i n g terms. T h e  
model  wa s p roces s ed by t h e  R EG p roced u re f rom S A S , req u e s t i n g  
col l i n a r i ty a n d  i n f l u e n ce data fo r t h e  va r i a b l es l i sted. T h e  res u lts 
42 
i n d i cated th at t h e  fou rth  i nte ract ion  te rm ex h i b ited col l i n a r i ty a n d  t h e  
oth e r  i n te ra ct i o n  terms a l so d emon s t rated some co l l i n a r i ty . T h i s  wa s a s  
e x pected b u t  n ot a s  t h e  fo u rt h  te rm wa s do i n g . T h i s  t e rm wa s 
e l i m i n ated f rom t h e  ra i n fa l l  mod e l  a n d  the  mode l s we re rep roces s ed w i t h  
t h e  est i mated pa ram ete rs be i n g p r i n ted fo r both t h e  red u ced s et o f  d ata 
a n d  a l l  1 90 , 098 po i n ts . 
Fo r ra i n fa l l  mod e l l i n g ,  th e res u l ts i n d i cated a h i g h  co r re l at i o n  fo r 
o n l y  2 i n depen d e n t  va r i a b l e s  a n d  o n l y  s l i g h t i m p rovement w i t h  a d d i t i o n a l  
te rm s . T h e  mod e l  w i t h  t h e  te rm s  d ete rm i n ed from t h e  sate l l i te we re 
chosen to e l i m i n a te t h e  n eed fo r' g rou n d  co l l ected d ata . S i n ce it i s  
des i ra b l e  to u s e  on l y  s ate l l i te g at h e red te rm s fo r i n depe n d e n t  v a r i a b l es , 
as  wel l a s  not i n c l u d i n g i n va l i d i n te ract ion  te rms , a s l i g h t l y  l owe r r 2  
va l u e i s  accepta b l e .  T h e  res u l t i n g  mode l  i n vo l ved t h e  s ate l l i te 
tempe ratu re a n d  n o rma l i zed d i ffe re n ce a s  i n d i cated . i n  Ta b l e  7 .  T h e  
p lot s how n i n  F i g u re 1 6  rep res e n ts t h e  red u ced data , w h i l e  t h e  p l ot 
s hown i n  F i g u re 1 7  s h ows t h e  res u l t i n g  p l a n e  f rom t h e  eq u at i o n  
dete rm i n ed by t h e  mod e l . 
T h e  mod e l l i n g eq u at ion  res u l t i n g  f rom t h e  s a me p roced u re a p p l i ed 
to s u rface so i l moi s t u res y i e l d s  some s u rp r i s i n g  res u l t s . T h e  res u l ts  
from the p roced u re a re s hown i n  Ta b l e  8 , w h e re ra i n fa l l  a n d  s a te l l i te 
tempe ratu re g i ve  t h e  best co r re l a t i o n , a n d  a d d i t i o n a l  te rms do n ot 
s i g n i f i ca n t l y i nf l u en ce t h e  co r re l at i o n . P l ots s h ow n i n  F i g u re 1 8  a n d  
F i g u re 1 9  s h ow t h e  a ct u a l d ata a n d t h e  res u l t i n g  eq u at i on s p l a n e .  T h e  
data wa s  th en rep roce s s ed w i t h  t h e  n o rma l i zed d i ffe re n ce te rm i n c l u d ed 
i n a l l  mod e l l i n g eq u a t i o n s . T h e  res u l ts a re s how n i n  Ta b l e  9 a n d  t h e  
43 
r--�------------------------------------------------------------- 1 
Ta b l e  7 :  R a i n fa l l  Mod e l l i n g Eq u at ion  Res u l ts 
Ra i nfa i i = S atel l i te tempe ratu re* ( a )  + N o rma l i zed d i ffe re n ce* ( B )  
I n d epe n d e n t  R 2  va l u e i s  t h e  va l u e g i ve n  fo r t h e  mode l  i f  o n l y  
t h e  res pect i v e  pa ramete r i s  u s ed . 
Pa ramete r 
a 
b 
State s u b d i v i ded 
i nto 71 a reas 
Est i mated 
va l ue 
- 0 . 0525 
0 . 0 1 06 
R 2  
res u lt 
0 . 73 
I n depe ndent 
R 2 
va l ue 
0 . 1 5  
0 . 54 
A l l  1 90 , 098 
p i xe l s  a n a lyzed 
Estimated 
va l ue 
-0 . 041 4 
0 . 00950 
R 2 
res u lt 
0 . 57 
I n depen de n t  
R 2  
va l ue 
0 . 08 
0 . 43 
p lots ex h i b i t i n g  t h e  act u a l  d a ta a n d  t h e  p red i cted eq u a t i o n  p l a n e  a re 
s how n i n  F i g u re 20 a n d  F i g u re 2 1 . A s i g n i f i ca n t s i m i l a r ity i s  fo u n d  
when t h e  f i n a l  mod el  ( Ta b l e  9 ) i s  compa red to t h at s h ow n i n  Ta b l e  8 













eq u at ion . T h e  res u l t i n g  eq u at i o n s  ( Ta b l e  1 0  ) a re a l i ke i n  s i g n s  u s ed 
fo r each  te rm a n d  t h e  pa ra mete rs a re v e ry n ea r l y  t h e  s ame e x cept fo r 
the mode l  i n c l u d i n g a l l  va l i d  p i x e l s ,  w h i c h  i s  ex p l a i n ed by t h e  pos s i b l e  
i n aGcu ra cy of s u rfa ce mo i s t u re read i n g s . T h es e  res u l ts  i n d i ca te t h at 
ra i nfa l l  a n d  so i l moi s t u res a re l i n ked i n  t h e  stat i st ica l mod e l , j u s t  a s  
th ey a re i n  rea l wo r l d  s i t u at ion s ,  demo n strat i n g the  va l i d i ty of t h e  
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t u re a n d n orm a l i zed d i ff e re n ce rea d i n g s , 1 
I f rom s u b d
i v i d ed a rea data . � 
L--�---------------------------------------------------------- J 
T h e  f i n a l  mod e l l i n g  equa t i o n  i s  fou nd  fo r t h e  n ear s u rfa ce 
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I equat i o n  us i n g  s ate l l i te tempe ratu re a n d  n o rm a l i zed 
I d iffe ren ce , equat i o n  f rom T a b l e  7 I I I L---------------------------------------------------------------- J 
resu lts , a s  fo r t h e  p rev i ou s  mod e l s ,  i n d i cate that two i n d epe n d e n t  te rm s 
w i l l  p rov i de a s i g n i f i ca n t co r re l at i o n  a n d o n ly  s l i g ht i m p rov em e n t  i s  
46 
ga i n ed fo r mod e l s i n vo l v i n g  mo re i n d epe n de n t  term s . T h e  res u l t s  a re 
s hown i n  Ta b l e  1 1  a n d  t h e  r e l a ted p lots of t h e  act u a l  d ata a n d t h e  
res u l t i n g  p l a n e  a s  d e r i v ed. f rom t h e  eq u at ion  s how n i n  F i g u re 2 2  a n d  
F i g u re 23. 
r 
0 E'� C E N T  
� . 3 j 
� . 2 2 
0 . ) l  
F ig
.
u re 1 8 :  
3 . C: 9 
< 1  N J  
S catte r d i a g ram of s u rface mo i st u re d a ta b y  
sate l l i te tem p e ra tu re a n d  ra i n fa l l  rea d i n g s ,  f rom 
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I F iQu re � :  P red i cted su rface mo i stu re pla n e  f rom t h e  p r i ma ry I 
I mod ell i n g  equa t i o n  us i n g s atell i te tempe ratu re a n d  1 
I ra i n fall ,  equat i o n  f rom T a ble 8 I 






T a b l e  9 :  F i n a l  S u rface  Mo i st u re Mod e l l i n g Eq u at i o n  R e s u l t s  
S u rfa ce moi stu re= S a te l l i te tempe rat u re* ( a )  + N o rma l i zed 
d i ffe re n ce* ( B )  
I n depen dent  R 2  va l u e i s  th e va l u e g i ve n  fo r t h e  mode l  i f  on l y  
t h e  res pect i ve  pa ramete r i s  u s ed . 
State s ubd iv ided A l l  1 90 , 098 
i nto 7 1  a reas p i xe l s  a n a lyzed 
R 2 R 2 
res u lt res u lt 
0 . 59 0 . 50 
I n depe n de nt I n depe n d e n t  
Estimated R 2 Estimated R 2 
Pa ramete r va l ue va l ue va l ue va l ue 
a - 0 . 002 1 1 0 . 29 - 0 . 001 51  0 . 2 1 
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0 .  i 1 
i 6 6 . 7 4 
F ig u re 20 : S catte r d i a g ra m  of actual su rface mo i s t u re data by 
s a tell i te tem pe ratu re a n d  ra i n fall rea d i n g s , f rom 
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r---------------------------------------------------------------- 1 
0 .  1 4 -
0 - 1 1  
































Ta b l e  1 0 :  S u rface Moi st u re Mod e l  Compa r i son  
Equ at ion  1 :  
S u rface Moi st u re= S ate l l i te tem pe rat u re* ( a )  + N o rma l i zed 
D i ffe re n ce* ( b )  
S u pp l i ed f rom Ta b l e  9 
Equ at ion  2 :  
S u rface Moi s t u  re=S a te l l i te tem p e ratu re* ( a )  + ( sate l l i te 
a 
b 
tempe ratu re* ( c )  + No rma l i zed d i fferen ce* ( d )  ) * ( b )  
Wh e re ( a )  a n d ( b )  a re s u p p l i ed f rom T a b l e  8 
a n d ( c )  a n d  ( d )  f rom Ta b l e  7 
State s u b d i v i ded 
i nto 71 a reas 
E q u ation 1 
- 0 . 002 1 1 
0 . 00077 
E q u ation 2 
- 0 . 00 1 75 
0 . 00072 
A l l  1 90 , 098 
p i xe l s  a n a l yzed 
E q u ation 1 
-0 . 00 1 51  
0 . 0007 1 
E q u at ion 2 
-0 . 00048 





















T a b l e 1 1 : N ea r  S u rface Mo i st u re Model l i n g Eq u at i o n  Res u l ts  
S u rface mo i st u re= S ate l l i te temperatu re* ( a )  + N o rma l i zed 
d i fferen ce* ( B )  
I n depen d e n t  R 2 va l u e i s  t h e  va l u e  g i ve n  fo r t h e  mod e l  i f  o n l y  




State s u b d iv ided 
i nto 71  a reas 
Estimated 
va l ue 
-0 . 00 1 75 
0 . 00097 
R 2 
res u lt 
0 . 86 
I ndepe n de nt 
R 2 
va l ue 
0 . 49 
0 . 84 
A l l  1 90 , 098 
p i xe l s  a n a lyzed 
Estimated 
va l ue 
-0 . 00 1 27 
0 . 0009 1 
R 2 
res u l t 
0 . 79 
I n depe n de nt 
R 2 
va l ue 
0 . 39 









P ER C EN T 
'J . 2 7 
F ig·u re 22 : S catte r d i a g ra m  of act u a l  n ea r s u rface mo i s t u re 
d ata by sate l l i te tem p e rat u re a n d  no rma l i zed 




















0 . 1 4 1 
o . 1 1  o 
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P re d i cted n ea r su rfa ce mo i stu re p l a n e  p roduced by 
the mod e l l i n g eq u a t i o n  us i n g s ate l l i te tem p e ra t u r e  
a n d  n o rma l i z ed d i ffe re n ce ,  equat ion  f rom T a b l e  1 1  
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Conc l u s ions  
T h e  co n c l u s i o n s  d ra w n  f rom t h e  res u lts  o f  t h e  s t u d y  ca n be  s u mm a r i zed 
as fol l ows : 
1 .  S i g n i f ica n t  co r re l a t io n s  of ra i n fa l l  a n d  so i l mo i st u res we re fou n d  
u s i n g  o n l y  s a te l l i te  tem p e ratu res a n d  n o rma l i z ed d i ffe re n ce 
va l u es . 
2 .  Ra i n fa l l  a n d  so i l  mo i st u re mode l s I n te ract ,  a s  wo u l d  b e  e x pected 
i n  rea l wo r l d  s i t u at i o n s .  
3 .  T h e  a d d i t ion  of l a n d  c u l t i vat ion  l eve l  a n d a i r  tem p e ratu res does 
not y i e l d  s i g n i f i c a n t  i m p roveme nt i n  the mode l . 
4 .  I n te ract ion  te rms to co r rect sate l l i te tempe ratu re a n d  n o rma l i zed 
d i ffe re n ce va l u es a re not n eeded to co r rect fo r va r i at i o n  of l a n d  
u s e  a n d  cov e r . 
57 
S u ggestio n s  For F u rth e r  Study 
F rom t h e  e x pe r i e n ce s  g a i n ed w ith  th i s  stu dy , t h e  fo l l ow i n g  i d ea s  
m i g h t  b e  u s ed to repeat th i s  study fo r fu rt h e r  v e r i f i cat ion  of t h e  
f i n d i n g s  . . I t  wa s fo u n d  t h at t h e  s pa rse n etwo r k  of so i l mo i st u re 
samp l i n g s i tes p rod u ced ve ry c r u de est i mat io n s  of so i l mo i st u re 
th ro u g hout  the state w h e n  compa red to th e ra i nfa l l  g e n e rated ma p .  
A not h e r  fa cto r to be co n s i d e red i n  f u t u re st u d i e s  wo u l d  be t h e  
ava i l a b l i ty of c l ea r , u n obscu red satel l i te i ma g e ry . I n  th i s  stu d y , s i x  
images were fo u n d co r res pon d i n g to dates of i n te res t ,  b u t  on l y  o n e  
image wa s fo u n d s u ita b l e  fo r u s e .  
A met h od to meas u re so i l moi stu  res e l ect r i ca l l y ,  l i ke th at  emp loyed 
fo r mea s u r i n g  h ou s e  p l a nt moi stu re co n d it io n s ,  s h ou l d  be i n vest i g ated . 
T h i s method s h o u l d  be com pa red to t h e  m i c rowa ve oven met hod u s ed i n  
th i s  study a n d to a th i rd method k n ow n to be accu rate to test t h e  
accu racy of both . 
I f  a n  a cc u rate met h od i s  fo u n d ,  a n etwo r k  s ho u l d  be s et u p  
s i m i l a r  to t h a t  u s ed fo r ra i n fa l l  mea s u rements .  A s u g g ested n etwo r k  
m i g ht · b e  o n e  stat ion  p e r  cou n ty tow n s h i p . Each stat ion  operato r  wo u l d  
read t h e  so i l moi stu re fo r a f i x ed p robe l ocat ion , a i r  tempe rat u re a n d a 
ra i n ga.u g e read i n g each d a y  at a f i x ed ti me . T h i s  data co u l d  t h e n  be 
sent to a cen t ra l  loca t i o n  w h e re i mages fo r each day co u l d be g e n e rated 
from t h e  co l l ected d ata . T h ese  i mages co u ld t h e n  be com pa red to 
58 
sate l l i te images  a v a i- l a b l e  ove r a l a rg e r  n u m be r  of d a y s , res u lt i n g  i n  a 
mo re acc u rate mod e l . 
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Appendix A 
PROGRAMS 
Configurat ion of Sys t em and So ftware Products Us ed 
S ystem 
CPU : 
D isk S torage : 
Ope rat ing Sys t em : 
Softwa re 
I BM Leve l F As s emb l e r  
I BM V S  Fort ran 1 . 4 . 1 
SAS Vers ion 5 
Spec i a l  Con s i d e rat ion s 
I BM 3 0 3 1AP 8 Megabytes 
I BM 3 340 , 3344 , 3350 , 3 3 8 0  
Some p rograms r equire a s  much a s  
5 0  megabyt es o f  s c rat ch area . 
I BM MVS 1 . 3 . 3 / JES2  1 . 3 . 4 
· The fo l low ing p rograms have been deve loped for the NOAA s er ies 
of s at e l l it e s  and for coverage o f  a masked and regis t e red image of South 
Dakota measur ing 454 l ines by 686 p ixe ls . Other s at e l l it e  s e r ie s  or 
areas · us ed may require changes to the p rograms . To aid in t he s e  
changes , a l l  areas which need changing a r e  marked a s  dependent areas , 
with the except ion o f  s t orage array dimens ions , do loop l im it s , e t c . ,  a l l  
of  which invo lve the image s ize measurements . 
S at e l l it e  Labe l and C a l ibrat ion Repor t ing 
/ /A l  JOB acctnumber , ' READ LABEL '  , CLASS=G , TI ME=2 
I I* 
I ; ·:: 
I ;-;t: 
I /'�: 
READ F I RST 1 2 0  BYTES OF 1 ST RECORD OF IMAGE TO GATHER 
I MAGE DESCR I PTION LABEL 
/ / LABEL EXEC PGM= I E B PTPCH 
/ / SYSPR I NT DD SYSOUT=* UTI LITY MES SAGES DATA SET 
/ I SYSPUNCH DD SYSOUT=* PUNCH OUTPUT DATA SET I F  USED 
/ I SYSUT2 DD SYSOUT=* PRINTED TAPE LABEL DATA S ET 
I I SYSUT l  DD VOL=SER= IMAGE , LABEL= ( l , NL ) , UNIT=TAPE , 
I I  DCB= (RECFM=U , B LKS I ZE=3 7 0 0 , 0PTCD=Q ) , D I SP= ( OLD , PASS )  INPUT TAPE 
I I SYS I N  DD ,.( 
/'"'  
PRI NT MAXFLDS= l , STOPAFT= l 
RECORD F IE LD= ( 1 20 , 1 , , 5 )  
;': 
1 1 -;,.._.�.._.,._.:-;':-;':-;':-;':-,':·/:�·,,.,.,, -;':;':;':;':;':;':-;':-::;':'f':;':;':·l:·l:;':;':·l:;':;':-;':-,':;':;':;':;':"'i':;':;':;':;':·l:;':;':-;':;':;':;':;':·i':·l:;':;':;':;':·l:·;':;':;':·l:"'i':-;':·l:;':;': 
I I* * 
I I* CHANNEL 4 CALI BRAT I ON INFORMATI ON FOR ENTI RE IMAGE * 
I I* I S  READ IN , AND THE AVERAGE CALIBRATI ON READ I NGS * 
I 1-.': ARE PRINTED -.•: 
I I* * 
I I AVERAGE EXEC SAS , OUT= ' -.': ' 
/ ITAPE I N  DD D I SP= ( OLD , KEEP ) , DCB= (RECFH=U , BLKS I ZE=740 0 ) , 
I I  UNIT=TAPE , VOL=SER= I HAGE , LABE L= ( l , NL)  
/ / FT12F00 1 DD SYSOUT=* PROC MEANS OUTPUT FOR I MAGE 
I / SAS . SYS I N  DD -.•: 
DATA NEW ( KEEP=NUM l NUM2 ) ; 
INF I LE TAPE I N  F I RSTOB S=4 ; 
INPUT @ 3 7  NUM l I B4 . @4 1 NUM2 I B4 . ; 
INPUT @ 1  JUNK $CHAR 1 . ;  
PROC PR INTTO UNIT= 1 2 ; 
PROC HEANS DATA=NEW ;  
VAR NUM l NUM2 ; 
OUTPUT OUT=OLD MEAN=C l C2 ; 
PROC PRINT ;  
I* 
6 2  
Image Re formatt ing and Temperature Convers ion 
/ /A2 JOB acctnumber , ' CONVERT SATELLITE ' , CLAS S=G , TI�ffi= 1 0 , 
/ /  MSGCLAS S=D , RE G I ON=7 0 00K 
/ / CONVERT EXEC ASMFCLG , OUT= ' * '  
/ /ASM . SYS I N  DD * 
MAI N  CSECT 
6 3  
PRI NT NOGEN 
US I NG MAIN , 1 5  
STM 14 , 1 2 , 1 2 ( 1 3 )  
LA 1 2 , SAVEAREA 
ST 1 3 , 4 ( 1 2 )  
ST 1 2 , 8 ( 1 3 )  
LR 1 3 , 1 2  
USE REG 15 FOR TEMPORARY BASE REG I STER 
STORI NG SYTEMS REGS IN  SYSTEM SAVE AREA 
ADDR OF PROGRAM SAVE AREA FOR SYS REG S  
ADDR O F  SYSTEM SAVE INTO PROGRAM SAVE 
ADDR OF PROGRAM SAVE INTO SYSTEM SAVE 
PO INT TO PRDGRAM SAVE AREA 
B PROGRAM 
DROP 1 5  
US I NG SAVEAREA , 1 3 
SAVEAREA DS 18F 
BRANCH TO PROGRAM AREA 
STOP US ING 15 AS BASE REG I STER 
USE 13 FOR NEW BASE REG I STER 
D I SKI O  DCB DSORG=PS , MACRF= ( GM , PM ) , RECFM=FB , LRECL=2744 , X 
BLKS I ZE=2 744 , EODAD=END I O , DDNAME=D � SK 
TAPE I N  DCB DSORG=PS , MACRF=GM , RECFM=FB , BLKS I ZE=308 7 0 , EODAD=END I O , X 
DDNAME=I NPUT , LRECL=6 86  
PRI NTOUT DCB DSORG=PS , MACRF=PM , RECFM=FA , BLKS I ZE=133 , DDNAME=OUTPUT 
PROGRAM EQU o.J: 
**•l:,'r*#':-;':;':;':;':�':;':·;':;':,':-;':;':·l:;':-,':1':·l:-,':·l:;':-;':;':;':.,':;':-;':;':-;':;':-;':-;':-;':-;':;':;':;':-;':·l:;':;':-;':;':;':-;':;':-;':;':·;':;':;':;':;':;':;':;':;':-;':;':;':;':;':-;':;':;':;':·l: 
EJECT SKI P TO TOP OF PAGE 
* I * M * A * G * E C * 0 * N * V * E * R * S * I * 0 * N 
* WRI TTEN BY RANDY CHI LSON . . . . . .  JULY 19 , 1 9 8 3  
* PROGRAM T O  READ A TAPE F I LE O F  IMAGE DATA AND CONVERT THE DATA 
* 
* FROM THE TRANSMITTED B IT FORM INTEGERS IN BYTES TO CHARACTER 
INTEGERS FOR FURTHER PROCE S S I NG .  CONVERTED IMAGE IS THEN STORED 














REG 10  
REG 1 1  
&&I MAGE . 
USED FOR PARMLI ST TRANSFER TO �UBROUTINE FOR PRI NT 
USED IN  SUBROUTINE FOR PRINTOUT DCB 
USED FOR INCREMENTED COUNTER IN  CONVERS I ON 
USED FOR B INARY BYTE STORAGE AREA 
USED FOR L INEOUT VIRTUAL STORAGE AREA REFERENCE 
USED FOR INCRE�1ENTING BYTES CONVERTED 














6 4  
* REG 1 2  USED FOR LINE IN V IRTUAL STORAGE AREA REFERENCE * 
* USED AS BASE REG I STER IN  SUBROUTI NE �·: 
* REG 1 3  USED A S  BASE REG I STER IN  MAI N  PROGRAM * 
* REGS 14  AND 1 5  RE SERVED FOR BRANCH AND L I NK �·: 
,•:·l:·l:-;'�·lr;':-;':-;':-;':�':"f':;':·l:;':·l:;':-;':-;':;':;':;':·l:;':;':-;':-;':-;':;':;':-;':;':;':·;':;':-;':;':-;':·l:·;':-;':-;':·l:-;':;':;':;':;':'4':;':;':;':·/:;':·l:;':;':;':;':-;':;':-;':;':·l:;':·l:;':;':·l:-.':-;':;': 













X ' 40 2 0 2 1 2 0 ' 
CL2 7 44 
FORC ING DOUBLE WORD AL INEMENT 
DOUB LE WORD FOR PACKED I NTEGER 
M I S C  NUMBER STORAGE AREA 
TEHPORARY INTEGER STORAGE 
UNPACKING PATTERN 
I�lAGE DS  IMAGE LENGTH TIMES 4 BYTES 
INCREMENTING VALUE 
INCREMENTING VALUE 
ONE DC F '  1 ' 
FOUR DC F ' 4 '  
* THI S  AREA PAS S E S  THE ADDRE SS OF THE PRI NTOUT AND LINEOUT AREA 





DC A ( PR I NTOUT) AREA FOR ADDRES S  OF PRINTOUT DCB 
AREA F OR RESERVI NG VI RTUAL STORAGE AREA TO BE USED * 
FOR INPUT AND OUTPUT AREAS BY PROGRAM AND REFERENC I NG THEM ·:: 
BY STANDARD NAMES BASED AT A SPE C I F IED BASE REG I STER * 
START EQU i': 
*"':·l:·lc·l:;':·l:-;':;':-,':;':-;':;':-;':·l:·l:;':;':�··�··�·,.,•,-,•,-1:-;': LINE 0 UT -,':-;':-,':-;':�':-,': ..,.,..,.,..,.,..,.,-;':-.,':·l:;':·l:;':-.,•:.._,,..,,,.,,,.,.,,.,..,.,..,,,..,,, ..,.,..,.,..,.,.._,,..,., .. l:-;':-,':-,':-,':-,':;': 
GETMAI N  R , LV= 1 3 6  GET 1 3 6  BYTES O F  VIRT .  STORAGE FOR L I NEOUT 
US I NG L I NE OUT , 8 LOADS ADDRESS OF LINEOUT IN BUFFER BASED 
LR 8 , 1  STORES ·  VIRTUAL STORAGE AREA AT REG 8 
-1:-.'r*.,tr.,•:-,':;':;':·lc·l:.,•:-,':.,•:-,':-,':,•:-,':·l:..,•:-,':-,':·l:-,':-;': 1 I NE IN  -;':-;':-,':-;':·;':-,•:-,t:;':·l:-,':-,':;':-,':-,':;':·l:;':-,•:..,•:-,•:-,':·l:-,':;':-,':·l:-,':-,':;•:,':;':;':;':-;':-;':-,':-,':-,':·4': 
GETMAI N  R , LV=6 8 6  
US I NG L I NE IN , 1 2 
LR 1 2 , 1  
EJE CT 
GETS 6 8 6  BYTES OF VIRT . STORAGE FOR L I NE I N  
BASES LINE IN IMAGE AT REG 1 2  
STORES VIRTUAL STORAGE AREA A T  REG 1 2  
*;':-;':-;':"i:;'•;':-;':-;':;':·l:-;':;':;':;':;':;':·l:-;':;':;':;':;':;':;':;':;':;':;':;':;':;':-;,':-;,':-;':-;':;':;':;':;':-;':-;':·;':;':;':;':-;':;':;':-;':-;':;':;':;':;':;':-;':;':;':·}:;':;':;':;':-;':;':;':;':;':;':;': 




OPEN (TAPE IN , ( INPUT) , D I SKI O , (OUTPUT ) ) OPENS F I LE S  
OPEN ( PR I NTOUT , ( OUTPUT) ) OPENS PRINTER OUTPUT F I LE S  
L A  1 1 , IMAGE LOADS IN  BEG INNING ADDRESS OF I HAGE AREA 
LA l O , L INE IN LOADS IN BEGINNING ADDRES S  OF INPUT LINE 
L 5 , =F ' 686 ' INITIAL I ZE TO TOTAL NO . OF I NPUT BYTES 
GET TAPE IN , L I NE IN GETS DATA FROM TAPE IN TO L I NE I N  
S R  6 , 6 ZERO ING OUT R6 
IC 6 , 0 ( 0 , 1 0 )  MOVE I N  8 B I TS TO R IGHT MOST B IT OF R6  
CVD 6 ,  I NTEGER CONVERTING B INARY TO PACK NUt-IBER 
HVC TEMP ( 4 )  , PATTERN �10VING I� BLANK PATTERN AREA I 
* 
6 5  
UNPACKING PACKED NUMBER EDMK TEMP (4 ) , INTEGER+6 




1 0 , 0NE 
1 1 , FOUR 
5 , RE PEAT 
POS ITION OF IMAGE (REG 1 0 )  
STE P P I NG R 1 0  B Y  1 BYTE ( IMAGE I N )  
STE P P I NG R 1 1  B Y  1 FULLWORD ( IMAGE OUT )  
BRANCHING TO REPEAT TI LL ALL B YTE S CONVERTED 
MVI LINE OUT , C ' ' MOVES I N  CARR IAGE C ONTROL 
MVC LINE OUT+ 1 ( 1 3 2 ) , IMAGE+400 SELECTS 4 0 0  BYTES I NTO I�tAGE 
L 1 5 , =A ( PR I NT )  LOADS ADDRES S  O F  PRINT ROUT I NE 
LA 1 , PARMS LOADS PARMS INTO REG 1 FOR TRANSFER 
BALR 14 , 15 BRANCHING TO SUBROUTINE 
* WRITE S OUT COMPLETE CONVERTED H1AGE LINE TO D I SK AND BRANCHE S  �·: 
* FOR MORE DATA TILL END OF F I LE �·: 
* 
PUT D I SK I O , I MAGE PUTS TRANSFORMED DATA TO D I SK I O  
B MORE BRANCHES FOR MORE DATA 
CLOS ING UP F I LE S  AND FRE E I NG ALL VIRTUAL STORAGE AREAS -;': 
·i':-l:*"''�;':-/:;':;':*-l:;':�·:;'�;':;':·l:-;':��;':-;':;':;':;':;':;':·l:;':;':;':;':;':;':;':;':#':-l:·#':;':·l:;':·l:·l:;':;':;':;':;':-.':"'4':·l:;':•':;':;':;':;':;':;':;':"4':·l:-.':-;':-;':;':;':;,':-;':-!:;':;': 
END IO CLOSES OPENED F I LE S  
CLOSES PRINTER F I LE S  
CLOSE (TAP E I N , , D I S K I O )  
CLOSE ( PR INTOUT) 
FREEMAIN R , LV=6 86 , A= ( 1 2 )  
FREEMAIN R , LV= 1 36 , A= ( 8 )  
L 1 3 , 4 ( 1 3 )  
LM 14 , 12 , 1 2 ( 1 3 )  
FREES VIRTUAL STORAGE FOR L I NE I N  
FREES VIRTUAL STORAGE AREA S  
LOAD ING BACK SYSTEM S AVE AREA 
LOAD ING SYSTEMS REGS 
* 
LA 15 , 0  
BR 14 
EJECT 
SETS COND ITION CODE TO ZERO 
BRANCHES TO SYSTEM 
PRINT SUBROUTINE STARTS HERE ;': 
**"'r-J:;':;':-;':;':;':;':;':;':*;':·;':;':;':·l:;':;':;':;':;':;':;':·;':;':;':;':#':;':;':;':;':-;':;':;':;':·::;':;':·;':·l:;':-i:·l:·l:·l:;':;':;':;':;':;':;':·;':;':;':·l:;':;':;':;':·l:-;':-;':;':;':·l
:·l:-;': 
PRI NT CSECT 
DROP 1 3  
US I NG PRI NT , 15 
STM 14 , 1 2 , 1 2 ( 1 3 )  
LA 1 2 , SUBSAVE 
ST 1 3 , 4 ( 1 2 )  
ST 1 2 , 8 ( 1 3 )  
LA 1 3 , SUB SAVE 
B AROUND 
SUB SAVE DS 18F 
DROP 15  
US ING AROUND , 1 2 
AROUND L 2 , 0 ( 1 ) 
PUT 0 ( 2 ) , L I NEOUT 
DROPS USE OF REG 13 AS BASE REG . 
USES REG 15 FOR TEMP . BASE REG . 
STORES REG 1 - 15  EXCEPT FOR 1 3  
LOADS ADDRESS O F  SAVEAREA I NTO R 1 2  
STORES REG 1 3  AT 4 OFFSET O F  R 1 2 
STORE S ADDRE SS AT 8 OFFSET OF R 1 3  
LOADS ADDRESS OF SUB SAVE I NTO R 1 3  
BRANCH AROUND NON -EXECUTAB LE STHTS 
SUBROUTINE SAVE AREA 
STOPS USE OF REG 15 AS BASE REG . 
STARTS USE OF REG 12  AS BASE REG .  
LOADS ADDRESS OF PRINTOUT I NTO REG 2 
PR INTS LINEOUT 
I 
LINEOUT , C ' ' MOVES IN  BLANK FOR CLEAR I NG OUT AREA 







1 3 , 4 ( 1 3 )  LOADS ADDRESS OF SUBROUT I NE SAVE AREA 
14 , 1 2 , 1 2 ( 1 3 )  RELOAD REGS 
14 BRANCHE S TO MAI N  PROGRAMS LAST STMT+ l 
EJECT 
DSECT IMAGE S FOR VIRTUAL STORAGE S PEC I F IED HERE 
LINEOUT DS CL 1 3 3  
LINE IN DS CL6 86  
OUTPUT AREA FOR PR INTOUT 
I NPUT I�tAGE AREA 
EJECT 
END MAI N  ALL DONE 
;':-;':;':-;':·l:·l:-;'c;':�':;':;':·l:·l:;'�;':-.':-;'c;':-:,':-/:;':;':;':;':;':;':-;':-;':;':;':'1:;':;':-,':·l:;':·l:;':-.':;':;':;':-;':;':;':;':;':;':..,•:;':·l:;':;':-;':;':;':;':..,':;':;':·l:;':;':;':;':;':;':-.':;':;':;': 
/ /GO . SYSUDUMP DD SYSOUT=Z 
/ / GO . OUTPUT DD SYSOUT=Z 
/ /* THI S  DD CARD I S  CHANGED FOR D IFFERENT IMAGE F I LE S  THAT 
I /..,': ARE TO BE READ OFF OF THE TAPE 
/ / GO . I NPUT DD DSN=RAW . TEMP . JL6 , D I SP= (OLD , KEEP ) ,  
I I  UNIT=TAPE , VOL=SER= IMAGE 1 , LABEL= ( l 3 , SL )  
/ / GO . D I SK D D  DSN=&& I MAGE , VOL=SER=ZZRTCH , D I SP= (NEW , PAS S ) , 
I I  UNIT=SYSDA , SPACE= ( CYL , ( 1 0 , 2 ) , RLSE , CONTIG , ROUND ) 
/ /TEMP EXEC FORTVCLG , GOREGN= 7 0 0 0K , PARM= ' XREF , OPT ( 3 ) , GOSTMT ' , X 
/ /  FVREGN=4S OOK , FVLNSPC= ' 3 2 0 0 , ( 7 5 , 20 ) ' , 0UT= ' * ' 
/ /FORT . SYSUDUMP DD SYSOUT=..,•: 
I /FORT . SYS IN DD ..,': 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C THI S  PART OF THE PROCE S S  TAKE S THE TEMPORARY DATA SET 
C && IMAGE AND CONVERTS THE READ ING TO THE TEMPERATURE 
C AS CALCULATED BY THE EQUATI ON FROM NOAA USERS GUIDE , 
C US ING THE CALI BRAT I ON READ INGS AS READ BY A PREVIOUS 
C PROGRAM . THE OUTPUT W I LL BE IN F8 . 4 FORHAT . 
C · THI S  PROGRAH I S  SET UP FOR A 686 BY 454 ELEMENT HfAGE 
C IF D IFFERENT THESE VALUE S MUST B E  CHANGED 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . .  . 
C SETTING UP PROGRAM STORAGE AREAS 
c . . . .  ·. · . · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . .  . 
REAL*8 TEMP ( 6 8 6 , 454 ) 
INTEGER*2 IMAGE ( 68 6 , 45 4 )  
CHARACTER* ! INPUT ( 6 8 6 ) 
I NTEGER VALUE , STNI D  
REAL�':8 TEMP 1 ,  TE�1P2 , TE�1P8 1 
REAL�'•8  N ,  M l , M2 , INLAT , INLONG , CONVRS , ALNGTH , ECCENT 
REAL�'•8 PRLAT l , PRLAT2 , ORGLAT , ORGLNG , LINE , P IXEL 





6 7  
REAL''"8  Q 1 , Q2 , QO , Q ,  C , ROWE , ROWEO , THETA 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
c 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
READ I NG I N  I NPUT FROM ASSEMBLER CONVERS I ON PROGRAM 
DO 9 0 1  L= 1 , 45 4  
READ ( 1 0 , 9 00 )  ( IMAGE ( I , L ) , I= 1 , 6 8 6 ) 
9 0 0  FORMAT ( 2 0 0 I 4 , 2 0 0 ! 4 , 2 0 0 ! 4 , 1 8 6 ! 4 )  
9 0 1  CONTI NUE 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
C CONVERTS TO ACTUAL TEMP , OR SET TO - 9 9 9 . 9 9 TO I ND ICATE 
C MASK REG I ON SURROUND ING IMAGE 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
DO 9 2 2  1=1 , 45 4  
D O  6 0 5  !=1 , 68 6  
IF  ( I MAGE ( I , L) . EQ . O ) THEN 
TEMP2= - 7 2 6 . 9 9 
E LSE 
IF  ( IMAGE ( I , L ) . LT . O )  IMAGE ( I , L ) =- l*IMAGE ( I , L ) 
TEM P 1= 1 5 2 . 2 6 - ( a" .  1 5 465 �'• ( !�!AGE ( I ,  L ) "'"4 ) ) 
TEMP 1= ( 1 . 1 9 1 0 6 5 9 E -5"'• ( 9 2 7 . 22''""•3 ) / TEMP 1 )  
I F  (TEMP 1 . LT . O )  THEN 
TEMP2= 146 
E LSE 
TEMP2= ( 1 . 4 3 8 833*9 2 7 . 22 ) /DLOG ( ( l+TEMP 1 ) ) 
END IF  
END I F  
TEMP ( I , L ) =TEHP2 - 2 7 3 
605 CONTI NUE 
922 CONT I NUE 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
C READ USER I NPUT OF DES I RED LOCATI ON OF A VALUE TO 
C BE PRINTED . USES ALBERS EQUAL CON I CAL AREA METHOD 
C TO CONVERT THE GEOGRAPHI CAL LOCATION INPUT AND 
C CHANGE IT TO A L I NE AND P IXEL VALUE . 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 





BELOW CONSTANTS ARE SATELLITE AND I MAGE LOCAT I ON 
DEPENDENT . CHANGE IF  NOT FROM A NOAA SATELLI TE 
AND OF SOUTH DAKOTA AREA 
·l: 
ALNGTH=6 3 7 8 2 0 6 . 4  
ECCENT=0 . 0 8 22 7 1 9 
PRLAT 1=42 . 7 5*CONVRS 
PRLAT2=45 . 25*CONVRS 
ORGLAT= ( 44 ) *CONVRS 
ORGLNG= ( - 1 0 0 ) �·•cONVRS 
C*''r-1:-;b'd:i:-,bb':-.':-.bb ':-.':"''"'' END OF DEPENDENT CONSTANTS "'""•�b':-;'n':"b':-;'dd:-,'d:-,bb
bb': 
WR ITE ( 6 , 9 )  
9 FORMAT ( ' O ' ' ' STAT I ON I D ' '  I LONG ITUDE I , 4 X , I LATI TUDE ' , 4X , 





5 0  READ ( 5 , 1 0 , END=3 3 3 3 )  STN I D , INLONG , INLAT 
10  FORMAT ( I4 , F8 . 4 , F8 . 4 )  
INLONG= INLONG•'•CONVRS 
I NLAT=INLA��CONVRS 
M 1=COS ( PRLAT 1 ) I ( ( 1 - ( ECCENT•'"'•2 ) "'  ( ( DS IN ( PRLAT 1 )  ) •b'•2 )  ) '''"' 0 . 5 )  
M2=CO S  ( PRLAT2 ) I ( ( 1 - ( ECCENT<'d•2 ) •'• ( (DS IN ( PRLAT2 ) ) "'.-..'•2 ) ) id•Q . 5 )  
QPRT1= ( 1 -ECCEN��*2 )  
QPRT2= ( 1+ECCENT•'•DS I N ( ORGLAT ) ) 
QPRT3= (  1 -ECCENT•'•DS I N  ( ORGLAT ) ) 
QPRT23=DLOG ( QPRT3IQPRT2 ) 
QPRT4=1 1  ( 2"'.-EC CENT )  
QPRTS = ( 1 - ( (ECCEN�'.--.'.-2 ) ''" ( ( DS IN ( ORGLAT) ) •'d.-2 ) ) )  
QPRTS= ( DS I N ( ORGLAT ) IQPRTS ) 
QO=QPRT 1"''" ( QPRTS -QPRT4-.'•QPRT2 3 )  
QPRT 1 = (  1 -ECCEN�'d.-2 ) 
QPRT2= ( 1 +ECCENT"'.-DS IN ( PRLAT1 ) ) 
QPRT3= ( 1 - ECCENT•'.-DS IN ( PRLAT 1 )  ) 
QPRT2 3=DLOG ( QPRT3 IQPRT2 ) 
QPRT4= 1 1 ( 2*ECCENT) 
QPRTS= ( 1 - ( ( E CCENT•'.-·.'.-2 ) "'  ( ( D S  IN ( PRLAT 1 )  ) •b'•2 ) ) )  
QPRTS= ( DS I N ( PRLAT 1 ) I QPRTS ) 
Q 1=QPRT 1"'' ( QPRTS - QPRT4•'•QPRT2 3 ) 
QPRT 1= ( 1 -ECCEN�':--.'.-2 ) 
QPRT2= ( 1+ECCENT*DS I N ( PRLAT2 ) )  
QPRT3= ( 1 -ECCENT*DS IN ( PRLAT2 ) )  
QPRT23=DLOG ( QPRT3 1 QPRT2 ) 
QPRT4= 1 1  ( 2•'•ECCENT ) 
QPRTS= ( 1 - ( ( ECCENT•'•-.�2 ) ;'• ( ( D S I N  ( PRLAT2 ) ) ;';o-.':2 ) ) )  
QPRTS= ( DS IN ( PRLAT2 ) 1 QPRT5 ) 
Q2=QPRT 1"'  ( QPRTS -QPRT4;'•QPRT2 3 ) 
QPRT 1= ( 1 -ECCENT•'n'"2 ) 
QPRT2= ( 1 +ECCENT•'•DS IN  ( INLAT) ) 
QPRT3= ( 1 -ECCENT•'.-DS  I N  ( I NLAT) ) 
QPRT23=DLOG ( QPRT31 QPRT2 ) 
QPRT4= 1 1 ( 2*ECCENT ) 
QPRTS= ( 1 - ( ( ECCENT•':-.'•2 ) ;'" ( ( D S I N  ( INLAT ) ) "':;':2 ) ) )  
QPRTS= ( DS I N ( I NLAT ) I QPRTS ) ·
Q=QPRT 1"'" ( QPRTS - QPRT4•'.-QPRT2 3 ) 
N= ( ( M 1**2 ) - (M2**2 ) ) 1 ( Q2 - Q 1 )  
C= ( M 1"'n'•2 ) + ( N;'•Q 1 )  
ROWE= (ALNGTH"'' ( ( C - N•'•Q ) •'"'•O . 5 ) ) IN 
ROWEO= ( ALNGTH* ( (C -N*QO ) **O . S ) ) I N 
_THETA=N•'• ( INLONG -ORGLNG ) 
X=ROWE* ( DS I N (THETA ) ) 
Y=ROWE O - (ROWE* ( DCOS (THETA ) ) )  
C;'rn,..•:-.':;':;':-;':·l:·l:;':-;':-.t:;':-;':-.':;':·l:;':;':-;':-;':-,':-,':;':-,':;':;':-,':;':;':;':;':-,':·l:;':-;':;':;':-;':;':;':;':·/:;':·l:i�..,·:·l:;':;':-;':-,':-,':-,':-,':;':;':;':·l:;':;':·/:;':-;':
 
C* BELOW EQUATI ONS ARE SATELLITE AND I MAGE LOCATI ON * 
C* DEPENDENT . CHANGE IF  NOT FRON A NOAA SATELLITE 
;': 
C* AND OF SOUTH DAKOTA AREA ;': 
c..,·�.,·:-.':;':;':;':;':;':;':-.':·l:;':·l:;':;':;':-;,':;':;':;':·l:;':-.':-,':;':-,':-,':·):·l:;':;':·l:;':;':-;':-,':;':-,':;':;':;':-;':;t:-,':·l:;':;':;':;':-,':-,':-,':;':-,':·l:;':-;':·l:-;':
·l:-.':-,':-,':·l: 
LINE= ( ( 2 3 1 0 0 0 - Y ) I 1 0 0 0 ) + 1 . 5  





P I XE L= ( ( X+3 5 2 0 0 0 ) 1 1 0 0 0 ) + 1 . 5 
c-.•:..,'d(·ld:-.':-.t:..•:,.r:..': .. 'd:-l: .. b': .. •:,.•:-�: END OF DEPENDENT EQUATI ONS "ib':-ld:,.•:,.bh': .. ':,.•dd:"':"ib'd: .. •:-�: 
TEMP8 1=0 
I P IXEL= I NT ( P IXEL )  
I LI NE=I NT ( LINE )  
DO 5 5 5  J=ILINE - l , I LINE+l 
DO 6 6 6  K=I P I XE L - l , IP I XE L+l  
TEMP8 1=TEMP ( K , J ) +TEMP 8 1 
666  CONTINUE 
5 5 5  CONTINUE 
TEMP8 1=TEMP8 l l 9  
WRITE ( 6 , 7 ) STNID , INLONGICONVRS , INLATICONVRS , LI NE , P I XE L , TEMP8 1 
7 FORMAT ( ' ' , 3X , I 4 , 3X , F 1 0 . 5 , 4X , F l 0 . 5 , 5X , F5 . 0 , 6X , F5 . 0 , 5X , F8 . 4 )  
GOTO 5 0  
6 9  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C NOW WRITE THI S  OUT TO A PERMANENT F I LE 
C W I LL BE IN REAL FORMAT OF F8 . 4THE 
C TEMPERATURES OR - 9 9 9 . 9 9  WHI CH 
C IND I CATE S THE I MAGE MASK AREA 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · 
3333 DO 3 0 0 0  J= 1 , 45 4  
WRITE ( 1 1 , 3 0 0 1 )  (TEMP ( I , J ) , I= 1 , 6 8 6 )  




I IGO . FTOSFO O l  DD * 
0 0 7 0 - 0 9 8 . 08544 . 3 7 7  
l.,'r 
( CHE CK ONE PO INT IN IMAGE ) 
I IGO . FT l OFOO l  DD DSN=&& IMAGE , VOL=SER=Z ZRTCH , D I S P= ( OLD , DELETE ) , 
I I  UNIT=SYSDA 
I I GO . FT l lFOO l DD DSN=TEMP . IMAGE . JUL2 3 , D I S P= (NEW , KEEP ) , 
I I VOL=SER=RANDYC , UNIT=TAPE , LABEL= ( l , S L) , 
I I  DCB= ( RECFM=FB , LRECL=5 4 8 8 , B LKS I ZE=2 7440 , DEN=4 ) 
-
,,� 
7 0  
Ras t er t o  Vector P lott ing 
/ / SASTE ST JOB 1 0 3 4 0 9 1 1 00 , RLC , C LAS S=M , TI ME=9 9 9 , RE G I ON=65 00K , MSGCLA S S=D- , 
/ /  TYPRUN=HOLD 
/ / * Requ i res not i f icat ion o f  sys t em ope rator , due to 
/ /* due to  pos s ib ly large execut ion t imes . 
/ / SAS EXEC SAS , OUT= ' -.'" '  , TI ME=9 9 9 , RE G I ON=65 00K , PENS= ' LI QB ' 
/ / PLOT DD DSN=TEMP . IMAGE . JUL23 , D I S P=OLD , 
I I  VOL=SER=RANDYC , UNIT=TAPE , LABEL= ( l , SL ) , 
I I  DCB= (RECFM=FB , LRECL=548 8 , B LKS I ZE=2 7 440 , DEN=4 ) 





FOLLOW ING JOB PRODUCES A PLOTTED D I G I T I ZED 
RASTER I �!AGE ON A VECTOR PLOTTER . 
READ I N  INPUT FROM TAPE IN F8 . X  FORMAT . 
LINE S I ZE I S  F I XED AT 6 8 6 : CHANGE ALL THE 
686  VALUES TO THE APPROPR IATE LINE S I ZE 
DATA RAWDATA (KEEP=X VALUE ) ;  
INF I LE PLOT CLOSE=D I SP ; 
DO X=l TO 6 8 6 ; 
OFFSET= l+ ( ( X - 1 ) *8 ) ; 
I NPUT @OFFSET VALUE 8 . @ ;  








;': . , 
·;': . 
, 







PRODUCE L I NE AND P IXEL COORD INATE S AS WELL AS 
CHANGE THE U1AGE TO APPEAR IN CORRECT 
D I RE CT I ONS OF WE ST ON LEFT AND NORTH ON TOP . 
CHANGE 6 8 6  VALUE S TO THE APPROPR IATE L I NE S I ZE 
;': . 
' 
;': . , 
;': . , 
;': . , 
;': . ' 
;': . ' 
'i't-;':-;':;':;':;':;':;':;':;':;':�':-/:-;':·4':-;':-;':-;':-;':-.':-;':;':-;':;':;':;':-;':;':;':;':-;,':;':;':;':;':;':;':;':;':;':;':;':;':;·:;':;':;':;'�-;':-;':-;':;':-;,
':;':;':-.':;':;':-;':;':;':;':;':;':;':;':;':;':;':;':;': ; 
DATA IMAGE ( KEEP=LI NE P I XE L  VALUE ) ;  
RETAIN YX 1 ;  
SET RAWDATA ; 
YX=YX+ l ;  
P I XE L=X ; 
LINE= INT (YX/ 6 8 6 ) ; 
LINE= ( L I NE+45 4 ) - ( ( LINE*2 ) - l ) ; 
IF  VALUE=- 9 9 9 . 9 9 THEN DE LETE ; 











PLOT IMAGE ON PEN PLOTTER WITH PATTERN AND JO I N  
OPT I ONS ON FOR CONTOUR ROUTI NE , NO LEVELS ARE 
DEFI NED , B UT MAY BE IF DES I RED : SEE SAS /GRAPH 
USERS MANUAL FOR DETA I LS . 
GOPTI ONS DEVI CE=CAL l O S l HS I ZE= l O . S  VS I ZE=8 . 5  NOTEXT82 ; 
TITLE ! C=BLACK F=S I MPLEX H= l ' ' 
PROC GCONTOUR DATA= IMAGE ; 
PLOT L I NE"'"P. IXE L=VALUE / PATTERN JO I N  CAXI S=BLACK ; 
PATTERN V=M 1N9 0  R=4 ; 
PATTERN V=M lNO R=4 ; 
PATTERN V=M l L  R=4 ; 
PATTERN V=M lR R=4 ; 
PATTERN V=M lX R=4 ; 
PATTERN V=M 1X45 R=4 .; 
PATTERN V=M2X R=4 ; 
PATTERN V=M2X45 R=4 ; 
7 1  
-;': . ' 
;': . ' 
• 
Generat ing Rainfa l l  Images 
/ /A4 JOB acctnumber , ' MAKE RAI NFALL MAP ' , CLAS S=M T I ME=2 0 0  , , 
/ /  MSGCLASS=D , REGION= 7 0 0 0K 
/ /* Requires not i f icat ion o f  sys t em operator , due to pos s ib ly 
/ /* very large execut ion t imes (var ies w ith numbe r  o f  avai l ab l e  
/ /* po ints  o f  ground gathe red dat a )  
7 2  
/ / IMAGE EXEC FORTVCLG , GOREGN=7 000K , PARM= ' XREF , OPT ( 3 ) , GOSTMT ' , X 
/ /  FVREGN=45 OOK , FVLNSPC= ' 3 200 , ( 7 5 ,  2 0 )  ' , OUT= ' ;': ' , TIME . G0=200 
/ /FORT . SYS IN DD �·.-
C • . . . . • . . .  � • . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . • . . • . . . . . • . . • . . . . •  
C SETTING UP PROGRAM STORAGE AREAS 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
INTEGER VALUE , STNI D  
REAL*8 N , M 1 , M2 , INLAT , INLONG , CONVRS , ALNGTH , ECCENT 
REAL�':8 PRLAT 1 , PRLAT2 , ORGLAT , ORGLNG , LINE , P I XE L  
REAL*8 QPRT 1 , QPRT2 , QPRT3 , QPRT4 , QPRTS , QPRT2 3 
REAL*8 Q 1 , Q2 , QO , Q , C , ROWE , ROWEO , THETA 
REAL*4 I MAGE ( 6�6 , 45 4 ) , IMAGE 2 ( 6 8 6 , 454 ) , VAL ( 9 , 2 ) 
REAL*4 DATA ( 1 00 , 1 0 0 , 3 )  
REAL-;':4 LAT , LONG , FLAG , P I XL ( 8 )  
INTEGER CNTY , STN , MONTH , DATE , PASS 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; . . . . . . . . . . . .  . 
C F I LL I N  I�IAGE WITH INITIAL VALUE FLAG FOR EMPTY CELLS 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
DO 1 J= 1 , 45 4  
D O  2 I= 1 ,  6 8 6  
I�lAGE ( I , J ) = - 1 
2 CONTINUE 
1 CONTINUE 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
C . . READ THE STATI ON LOCATION DATA INTO THE ARRAY 
C . . DATA ( 1 , X , X ) = STATI ON ID COUNTY 
C . . DATA ( X , 1 , X )  = STATION I D  INTERNAL COUNTY I D  
C . . DATA (X , X , 1 )  = STATION LAT . 
C . . DATA ( X , X , 2 ) = STATI ON LONG 
C . . DATA (X , X , 3 )  = STATION RAI NFALL 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
100  READ ( 5 , 1 0 2 , END= 1 0 1 )  CNTY , STN , LONG , LAT 
102  FORMAT ( I 2 , 1X , I 2 , 15 X , F 1 0 . 5 , F 1 0 . 5 )  
DATA ( CNTY , STN , 1 ) =LAT 
. 
DATA ( CNTY , STN , 2 ) =LONG 
. DATA ( CNTY , STN , 3 ) = - 1 
GOTO 1 0 0  
10 1 CLOSE (UNIT=S , STATUS= ' KEEP ' )  
c . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
.
. .  . 
C NOW READ THE RA I N  GAUGE REPORT DATA IN , AND DETERM I NE 
C IF  IT I S  DURI NG THE DATES REQUE STED . REQUESTED DATE S 
C MOD I F I ED I N  CODE , REMEMBER TO CHANGE WHEN NEEDED . 
C WHEN CORRECT DATE S ARE FOUND THE TOTAL DURI NG THE 





7 3  
c . .  
2oo
. 
REAn·c·1·o·:2o·1·, ENn::2·o2·) .  cNTY·, srN·, MoNrii, nATE·, AMoum.· . . . . . . . . . . . . . . . .  
. 
20 1 FOR��T ( I 2 , I 2 , 3X , I 2 , 5X , I 2 , F4 . 2 ) 
Z=DATA ( CNTY , STN , 3 )  
I F  ( Z . EQ . - 1 )  DATA ( CNTY , STN , 3 ) =0 
I F  ( MONTH . NE . 7 ) GOTO 2 0 0  
I F  ( (DATE . LT . $ $ ) . 0R . ( DATE . GT . %% ) ) GOTO 200 
DATA ( CNTY , STN , 3 ) =DATA ( CNTY , STN , 3 ) +AMOUNT 
GOTO 2 0 0  
202 CLOSE ( UNIT= 1 0 , STATUS= ' KEEP ' )  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
c 
c 
WRITE THI S  DATA OUT FOR A CHECK AND CONVERT TO L I NE AND P I XE L  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
DO 3 0 2  I=1 , 1 0 0  
D O  3 0 1 J= 1 , 1 00  
I F  ( (DATA ( I , J , 1 ) . EQ . O . O ) . OR . ( DATA ( I , J , 3 ) . EQ . - 1 ) ) GOTO 3 0 1 
WRITE ( 6 , 30 0 ) I , J , DATA ( I , J , 1 ) , DATA ( I , J , 2 ) , DATA ( I , J , 3 ) 
300 FORMAT ( '  ' , I 2 , 5X , I 2 , 5X , F 10 . 5 , 5X , F 1 0 . 5 , 5X , F5 . 2 )  
c . . . . . . . . . . . . .  � . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C F I ND I NG THE L I NE AND P I XE L  LOCATION FOR THE SE STATI ONS 
C REPORTING AND STORE L I NE IN DATA (;': , ;': , 1 )  AND P IXEL IN  DATA ( ;': , ;': , 2 )  
C THEN REWRITE THI S  DATA AGA IN AFTER THE CONVERS ION 
C AND PLACE THE VALUE INTO THE IMAGE ARRAY 




INLONG= ( DATA ( I , J , 2 ) * ( - 1 . 0 ) )  
INLAT=DATA ( I , J , 1 )  
CONVRS=3 . 14 15 9 26 5 4 / 1 8 0  
BELOW CONSTANTS ARE SATE LLITE AND IMAGE LOCATION 
DEPENDENT . CHANGE IF  NOT FROM A NOAA SATELLITE 
AND OF SOUTH DAKOTA AREA 
;': 
;': 
ALNGTH=6 3 7 8 2 0 6 . 4  
ECCENT=0 . 08 22 7 1 9  
PRLAT 1=42 . 7 S;':CONVRS 
PRLAT2=45 . 25"':C ONVRS 
ORGLAT= ( 44 ) ;':CONVRS 
ORGLNG= ( - 1 00 ) -;'•CONVRS 
C*;':-;':-l�;':i':-.'d:-.':-.'d:'i':;':i':;'d:ib': END 0 F DEPENDENT C 0 NS T ANTS ... ,.,., ... _. ..  ,.,.,;':'ib':'i':-.':'i':;':i':;':i':;':;':;': 
I NLONG=I NLONG*CONVRS 
I NLAT=INLAT*CONVRS 
. M 1=COS ( PRLAT1 ) I ( ( 1 - ( E CCENr-.':;'•2 ) "" ( (DSIN (PRLAT1 ) ) ib'•2 ) ) i'd:Q .  5 )  
M2=COS ( PRLAT2 ) / ( ( 1 - (ECCENT**2 ) * ( (DS I N ( PRLAT2 ) ) **2 ) ) **0 . 5 )  
QPRT 1= ( 1 -ECCENT;':-.'•2 ) 
QPRT2= ( 1 +ECCENT•'•DS IN  ( ORGLAT ) ) 
QPRT3= ( 1 -ECCENT*DS I N ( ORGLAT) ) 
QPRT2 3=DLOG (QPRT3 /QPRT2 ) 
QPRT4= 1 / ( 2*ECCENT) 
QPRTS= ( 1 - ( (ECCENT-,':-.'•2 ) -.': ( (DS IN (ORGLAT)  ) -.b'•2 ) ) )  




QO=QPRT 1* ( QPRT5 -QPRT4*QPRT2 3 )  
QPRT 1= (  1 -ECCENT"-':-.'.-2 ) 
QPRT2= ( 1+ECCENT'-�D S IN ( PRLAT1 ) )  
QPRT3= ( 1 - ECCENT"'"DS IN ( PRLAT1 ) ) 
QPRT23=DLOG ( QPRT3 /QPRT2 ) 
QPRT4= 1 / ( 2*ECCENT )  
QPRTS= ( 1 - ( ( ECCEN'f"l'.-..':2 ) �'.- ( (DS I N  ( PRLAT1 ) ) "'.-..':2 ) ) )  
QPRTS= ( DS IN ( PRLAT 1 ) / QPRT5 ) 
Q 1=QPRT 1 i: ( QPRTS -QPRT4�'.-QPRT23 ) 
QPRT1= ( 1 -ECCENT-.'.-..':2 )  
QPRT2= ( 1+ECCEN1-�DS I N ( PRLAT2 ) )  
QPRT3= ( 1 -ECCENT-.':DS I N  ( PRLAT2 ) ) 
QPRT23=DLOG ( QPRT3/ QPRT2 ) 
QPRT4= 1 / ( 2*ECCENT )  
QPRT5= ( 1 - ( ( ECCENT"'.-�'.-2 ) "'" (  (DS IN (PRLAT2 ) ) "'.-�'.-2 ) ) )  
QPRTS= (DS IN ( PRLAT2 ) /QPRT5 ) 
Q2=QPRT 1"''" (QPRTS -QPRT4�'.-QPRT2 3 ) 
QPRT 1= ( 1 -ECCENT**2 )  
QPRT2= ( 1+ECCENT�'.-DS I N ( I NLAT ) ) 
QPRT3= ( 1 -ECCENT*D S I N ( I NLAT ) ) 
QPRT2 3=DLOG ( QPRT3/ QPRT2 ) 
QPRT4= 1 / ( 2*ECCENT )  
QPRTS= ( 1 - ( (ECCENT�'d:2 ) �': ( (DS IN ( INLAT) ) �'d:2 ) ) )  
QPRTS= ( DS I N ( I NLAT ) / QPRTS ) 
Q=QPRT 1* ( QPRTS -QPRT4*QPRT2 3 )  
N= ( (M 1**2 ) - ( M2**2 ) ) / (Q2 -Q 1 )  
C= ( M  1-.'d:2 )  + (N;':Q 1 )  
ROWE= (ALNGTH"''" ( ( C -N;':Q ) •':;':Q . 5 ) )  / N  
ROWEO= ( ALNGTH* ( ( C -N*QO ) **O . S ) ) /N 
THETA=N;': ( I NLONG - ORGLNG ) 
X=ROWE* (DS IN (THETA ) ) 
Y=ROWEO - (ROWE* ( DCOS (THETA ) ) )  
C.,':-l:·l:·l:·l:i':�·(�':-;':-;':-,':i':i':i':-;':-,•:...,':-;'r·l:i':i':·/:-;':·/:-;':;':"i':-;':;':-;':-;':;':-;':-;':;':-;':;':-;':·/:·l:-;':-;':-;':"i':;':-;':;':-;':;':;':i':-;':;':;':-l:i':-;':;':-;':i':;':-;':·l:-;': 
C-,'r BELOW EQUAT I ONS ARE SATELLITE AND IMAGE LOCATION 
DEPENDENT . CHANGE IF NOT FROM A NOAA SATELLITE 
AND OF SOUTH DAKOTA AREA -;': 
LINE= ( ( 2 3 1 0 0 0 -Y ) / 1 0 0 0 ) + 1 . 5 
P I XE L= ( (X+35 2 0 0 0 ) / 1 0 0 0 ) + 1 . 5 
C*;':-1:�':;':-.'dd:-.·:�·:-.'d:.,•:-.':-.':;'d:.,•: END OF DE PENDENT E QUAT I 0 N S �·d:-;'d:-;':�'d:-;'d:-.':-;'d:-.':-;':-;':;':-.':-.': 
DATA ( I , J , 2 ) =I NT ( P IXE L )  
DATA ( I , J , 1 ) =I NT (L I NE )  
. X=DATA ( I , J , 2 )  
Y=DATA ( I , J , 1 )  
WR ITE ( 6 , 3 04 ) I , J , DATA ( I , J , 1 ) , DATA ( I , J , 2 ) , DATA ( I , J , 3 ) · 
304 FORMAT ( SX , ' **CONVERTED** I , I 2 , 5X , I 2 , 5X , F 1 0 . 5 , 5X , F 1 0 . 5 , 5 X , F5 . 2 )  
IMAGE (X , Y ) =DATA ( I , J , 3 ) 
3 0 1  CONTINUE 
302 CONTINUE 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . 
C NOW TAKE THE RAI NFALL AMOUNTS PLACED INTO THE HfAGE ARRAY 
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• 
C AND S PREAD THESE VALUES THROUGH OUT THE ENTIRE STATE 
C US I NG A 3X3 W INDOW F I LLING THE CENTER WITH THE VALUE 
C WHI CH I S  THE MOST PREDOMINANT IN  THE WINDOW . KEE P  ON 
C DO I NG THI S  UNT I L  NO - 1  FLAGS APPEAR IN ANY CELL 
C EXCEPT VERY OUTER BORDER ROWS AND COLUMNS . 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
c 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C START THE ROUT I NE OFF , BUT DON ' T  GO THROUGH CHECK FOR F IN I SH 1 ST 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
FLAG=- 1 
GOTO 5 0 1  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; . . . . . . . . . . . . . . . . . . . . . .  . 
C CHECK TO SET IF  ITS DONE YET , ELSE UPDATE PAS S  COUNT 
C AND CONT I NUE ON 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
5 0 0  IF  (FLAG . EQ . O ) �OTO 5 5 0  
FLAG=O 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C PAS S THROUGHT ENT I RE IHAGE ONCE WITH 3X3 WINDOW 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
5 0 1  DO 5 0 2 , X=2 , 6 86 - 1  
DO 5 0 3 , Y=2 , 45 4 - 1  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C SEE I F  THI S  CELL NEEDS REPLAC ING , IF  SO F I LL OUT 3X3 GR I D  
C SETUP WITH CENTER OUT AND TURN ON FLAG THAT THI S  PAS S 
C FOUND AN EMPTY CELL 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
I F  ( IMAGE ( X , Y ) . NE . - 1 )  GOTO 5 3 3  
FLAG= - 1 
P I XL ( 1 ) = I MAGE (X - 1 , Y - 1 )  
P IXL ( 2 ) = I MAGE ( X , Y - 1 )  
P IXL ( 3  ) = I l-1AGE ( X+ 1 , Y. - 1 )  
P IXL ( 4 ) = I MAGE (X - 1 , Y ) 
P IXL ( 5 ) =I MAGE (X+ 1 , Y ) 
P I XL ( 6 ) = IMAGE ( X - 1 , Y+ 1 ) 
P IXL ( 7 ) =I MAGE (X , Y+ 1 ) 
. P I XL ( 8 ) = IHAGE (X+ 1 , Y+ 1 )  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C NOW CLEAR OUT VALUE ARRAY WHICH COUNTS NUMBER OF STR IKE S 
C FOR A S PE C I F IC P I XEL VALUE , F I LL INDEX 1 W ITH - 1  FLAG 
C . BECAUSE THI S  I SN ' T  A VALID VALUE , W I LL START CHECK 
C FOR H IGHE ST STR IKE COUNT AT INDEX 2 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  � 
DO 5 0  4 , I= 1 , 9 
VAL ( I , 1 ) = - 9  
VAL ( I , 2 ) =0 
5 04 CONTINUE 
VAL ( 1 , 1 ) = - 1 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 
7 5  
.,� 
t 
C BELOW W I LL CHECK EACH GRI D  VALUE AGA I NST THE VALUE 
C ARRAY , I F  VALUE I S  FOUND W I LL INCREMENT THE 
C STR I KE COUNT ONE , I F  VALUE DOESN ' T  APPEAR 
C I N  THE VALUE ARRAY , THEN PLACE IT I N  THE 
C VALUE ARRAY FOR NEXT PAS S  
c · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
DO 5 20 , J= l , 8  
I=1  
5 05 IF (VAL ( I , 1 ) . EQ . - 9 ) GOTO 5 15 
IF  ( VAL ( I , 1 ) . NE . P IXL ( J ) ) GOTO 5 10 
VAL ( I , 2 ) =VAL ( I , 2 ) + 1  
GOTO 5 2 0  
5 15 VAL ( I , 1 ) =P I XL ( J )  
VAL ( I , 2 ) = 1  
GOTO 5 2 0  
5 10 I F ( I . EQ . 9 )  GOTO 5 2 0 
I=I+1  
GOTO 505 
5 2 0  CONTI NUE 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C F I ND MAJOR GRI D  VALUE AND STICK TH I S  INTO EHPTY CELL 
C ELSE DEFAULT TO 1 , 1  OF 3X3 GRID WH I CH I S  - 1  FLAG 
C AND C ONTI NUE ON 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .• . . . . . . . . . . . . . . . .  
J=O 
K=2 
DO 5 3 0  I=2 , 9  
IF (VAL ( I , 2 ) . LT . J ) GOTO 5 3 0  
J=VAL ( I , 2 ) 
K= I 
530  CONTI NUE 
IMAGE 2 ( X , Y ) =VAL ( K , 1 )  
GOTO 5 0 3  
5 3 3  IMAGE 2 (X , Y ) = IMAGE ( � , Y ) 
503  CONTI NUE 
5 0 2  CONTINUE 
DO 5 3 1  I = 1 , 6 8 6  
D O  5 32 J= 1 , 45 4  
I MAGE ( I , J ) =I MAGE 2 ( I , J ) 
5 3 2  CONTI NUE 
5 3 1 CONTI NUE 
GOTO 5 0 0  
5 S O . CONTI NUE 
c . · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C NOW SMOOTH OUT THE S I NGLE VALUE S FROM THE IMAGE SO I T  I SNT 
C SO SPARATIC , AND F LAG AGAI N  WITH - 1  FOR A SECOND PAS S 
C WITH THE ABOVE , ONLY TH I S  TIME CHECKING THAT THE 
C STR I KE VALUE I S  GREATER THAT 1 
C W I LL PUT I MAGE TO BE RE\vORKED 
C I NTO I MAGE ARRAY 2 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .  · . . . . . . . . .  . 
7 6  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
c 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C PASS THROUGHT ENTI RE I MAGE ONCE WITH 3X3 WINDOW 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
6 0 1 DO 6 0 2 , X=2 , 6 86 - 1 
DO 6 0 3 , Y=2 , 454 - 1 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C SEE IF THI S  CELL NEEDS REPLAC I NG ,  I F  SO F I LL OUT 3X3 GRI D  
C SETUP WITH CENTER OUT AND TURN ON FLAG THAT THI S  PASS 
C FOUND AN EMPTY CELL 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
FLAG= - 1  
P I XL ( 1 ) = I MAGE ( X- 1 , Y - 1 )  
P IXL ( 2 ) =IMAGE ( X , Y - 1 )  
P I XL ( 3 ) = I MAGE ( X+ 1 , Y - 1 )  
P I XL ( 4 )=IMAGE ( X - 1 , Y ) 
P I XL ( 5 ) = IMAGE (X+ 1 , Y ) 
P I XL ( 6 )=IMAGE ( X - 1 , Y+ 1 )  
P IXL ( 7 ) =IMAGE (X , Y+ 1 ) 
P I XL ( 8 ) =IMAGE (X+ 1 , Y+ 1 ) 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . � . . . . . .  . 
C NOW CLEAR OUT VALUE ARRAY WH ICH COUNTS NUMBER OF STRIKE S  
C FOR A S PEC I F I C  P I XEL VALUE , F I LL INDEX 1 WITH - 1 FLAG 
C BECAUSE THI S  I SN ' T  A VALI D  VALUE , W I LL START CHECK 
C FOR HI GHEST STR IKE COUNT AT INDEX 2 
c . . . . . . . . . .  · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
DO 604 , I= 1 , 9  
VAL ( I , 1 ) = - 9 
VAL ( I , 2 ) =0 
6 04 CONTI NUE 
VAL ( l , l ) =- 1 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C BELOW W I LL CHECK EACH GR ID VALUE AGA INST THE VALUE 
C ARRAY , IF VALUE I S  FOUND W I LL INCREMENT THE 
C STR I KE COUNT ONE , I F  VALUE DOE SN ' T  APPEAR 
C I N  THE VALUE ARRAY , THEN PLACE IT IN THE . 
C VALUE ARRAY FOR NEXT PAS S  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
DO 6 2 0 , J= 1 , 8  
I = 1  
6 0 5  I F  ( VAL ( I , 1 ) � EQ . - 9 )  GOTO 6 15 
I F  ( VAL ( I , 1 ) . NE . P I XL ( J ) ) GOTO 6 10 
VAL ( I , 2 ) =VAL ( I , 2 ) + 1  
GOTO 6 2 0  
6 15 VAL ( I , 1 ) �P IXL ( J )  
VAL ( I , 2 ) =1 
GOTO 6 2 0  
6 1 0 I F ( I . EQ . 9 ) GOTO 6 2 0  
I=I+ 1 
GOTO 6 0 5  
7 7  
6 2 0  CONTI NUE 
c 
c . .
. .  
FrNn . A11 . cE11s . iN . ouT1rNiN8 . 8Rin . THAT . ARE . 1rKE . THE . cENTER · · · .  
C I F  COUNT I S  GREATER OR EQUAL TO 2 THEN LEAVE ALONE 
C ELSE FLAG FOR NEXT PASS  THROUGH 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. I=2 
Z=IMAGE ( X , Y ) 
6 3 1 I F  (VAL ( I , l ) . NE . Z )  GOTO 6 32 
I F  (VAL ( I , 2 ) . GE . 2 ) GOTO 6 3 0  
Z= - 1 . 0 
GOTO 6 3 0  
6 3 2  I=I+l  
I F  ( I . LT . l O )  GOTO 6 3 1  
Z= - 1 . 0  
6 3 0  CONTINUE 
I MAGE2 ( X , Y ) =Z 
6 0 3  CONTINUE 
602 CONTINUE 
DO 65 1 I=l , 68 6  
DO 6 5 2  J= 1 , 45 4  
IMAGE ( I , J ) =I MAGE 2 ( I , J) 
65 2 CONTINUE 
65 1 CONTI NUE 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C NOW FOR THE F I NAL PAS S E S  OVER TO REPLACE THE FLAGGED P I XELS 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
c 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
C START THE ROUTINE OFF , BUT DON ' T  GO THROUGH CHECK FOR F I N I SH 1 ST 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
FLAG= - 1  
GOTO 7 0 1 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C CHECK TO SET IF I TS DONE YET , ELSE UPDATE PASS COUNT 
C AND CONTINUE ON 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
7 0 0  I F  (FLAG . EQ . O ) GOTO 7 5 0  
FLAG=O 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . .  . 
c PASS THROUGHT ENT I RE IMAGE ONCE W ITH 3X3 W INDOW 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . .  . 
7 0 1  DO 7 0 2 , X=2 , 6 8 6 - 1 
DO 7 0 3 , Y=2 , 454 - 1 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .




SEE IF TH I S  CELL NEEDS RE PLAC ING , IF SO F I LL OUT 3X3 GR I D  
SETUP WITH CENTER OUT AND TURN ON FLAG THAT THI S  PAS S 
FOUND AN EMPTY CELL 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . 
IF  ( IMAGE (X , Y ) . NE . - 1 )  GOTO 7 3 3  
7 8  
• 
FLAG= - 1 
P IXL ( 1 ) =IMAGE (X - 1 , Y - 1 )  
P IXL ( 2 ) =I MAGE (X , Y - 1 )  
P IXL ( 3 ) =IMAGE ( X+ 1 , Y - 1 )  
P IXL (4 ) =I HAGE ( X - 1 , Y )  
P IXL ( S ) =IMAGE ( X+ 1 , Y )  
P IXL ( 6 ) = IMAGE ( X - 1 , Y+ 1 )  
P IXL ( 7 ) = IMAGE ( X , Y+ 1 ) 
P IXL ( 8 ) =IMAGE ( X+ 1 , Y+ 1 ) 
c . . . . . . . . . . . . . . . . . . . . . .  0 0 0 .  0 0 0 0 0 .  0 • • •  0 0 • •  0 0 0 .  0 0 0 0 • • • • • •  0 .  0 • • •  
C NOW CLEAR OUT VALUE ARRAY WHI CH COUNTS NUHBER OF STR I KE S  
C FOR A S PEC I F I C  P I XE L  VALUE , F I LL I NDEX 1 WITH - 1  FLAG 
C BECAUSE - THI S I SN ' T  A VALI D  VALUE , W I LL START CHECK 
C FOR H I GHEST STR I KE COUNT AT INDEX 2 
c . . .  0 0 0 .  0 • •  0 • •  0 .  0 • • • •  0 0 • •  0 0 .  0 0 • •  0 0 0 • • •  0 • • • •  0 • •  • • 0 0 • • •  0 0 0 0 .  0 • • •  
DO 7 04 , I = 1 , 9  
VAL ( I , 1 ) =- 9  
VAL ( I , 2 ) =0 
7 04 CONTINUE 
VAL ( 1 , 1 ) =- 1  
c .  0 • • •  0 • • • • • • • • • • 0 0 0 0 0 0 • • • • • • •  0 • • • • • • • •  0 • • • • • • • • • •  0 • •  0 0 • •  0 • •  
C BELOW WI LL CHECK EACH GRI D  VALUE AGAI NST THE VALUE 
C ARRAY , IF  VALUE I S  FOUND W I LL INCREMENT THE 
C STR I KE COUNT ONE , I F  VALUE DOESN ' T  APPEAR 
C I N  THE VALUE ARRAY , THEN PLACE IT I N  THE 
C VALUE ARRAY FOR NEXT PASS . 
c .  0 • • • • • • • • • • • • • • • •  0 0 • • • • • • • • • • • •  0 • •  0 • • • • • • • • • • • • • •  0 • • • • •  � • •  
DO 7 2 0 , J= 1 , 8  
I = 1  
7 05 IF  (VAL ( I , 1 ) . E Q . - 9 )  GOTO 7 15 
I F  (VAL ( I , 1 ) . NE . P IXL ( J ) ) GOTO 7 10 
VAL ( I , 2 ) =VAL ( I , 2 ) + 1  
GOTO 7 2 0  
7 15 VAL ( I , 1 ) =P I XL ( J )  
VAL ( I , 2 ) = 1  
GOTO 7 20 
7 10 IF ( I . EQ . 9 )  GOTO 7 2 0  
I =I+ 1 
GOTO 7 05 
7 20 CONTINUE 
c . .  0 • • • •  0 • • • • •  0 0 .  0 • • • • • •  0 • • •  0 • • • • • •  • • • • • • • • • • • • • •  0 • · • • • • • • • • • • • •  0 • • •  
C F IND MAJOR GR I D  VALUE AND STICK THI S  INTO EMPTY CELL 
C ELSE DEFAULT TO 1 , 1  OF 3X3 GRI D  
c · AND CONTI NUE ON 
c · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . .  � . . . . . .  . 
J=O 
K=2 
DO 7 3 0 1=2 , 9  
IF  (VAL ( I , 2 ) . LT . J ) GOTO 7 3 0  
J=VAL ( I , 2 ) 
K=I 
7 9  
7 3 0 CONTINUE 
IF (VAL (K , 2 ) . GT . 1 )  I MAGE 2 (X , Y ) =VAL (K , 1 )  
GOTO 7 0 3  
7 3 3  I MAGE 2 ( X , Y) =I MAGE ( X , Y ) 
7 0 3  CONTINUE 
7 0 2  CONTINUE 
DO 7 3 1  I = 1 , 6 8 6  
D O  7 3 2  J= 1 , 45 4  
I MAGE ( I , J ) =I MAGE2 ( I , J ) 
7 32 CONTINUE 
7 3 1  CONTINUE 
GOTO 7 0 0  
7 5 0  CONTINUE 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C F INALLY ALL DONE . NOW WRITE PASS  COUNT OUT AND A SAHPLE 
C OF THE COMPLETED I MAGE FOR A CHECK 
C THEN WR ITE I MAGE TO A D I SK -F I LE 
C AND USE SAS GCONTOUR TO PLOT 
c . . . . . . . . . . . . . . . . . . .  ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
DO 8 0 6  J= 1 , 45 4  
WRITE ( 6 , 80 7 )  ( IMAGE2 ( I , J ) , I=300 , 3 15 )  
8 0 7  FORMAT ( 16F8 . 2 )  
8 0 6  CONTI NUE 
DO 4000 J= 1 , 454 
WRITE ( 1 2 , 40 0 1 )  ( IMAGE 2 ( I , J ) , I= 1 , 6 8 6 )  




I I GO . FTOSFOO l DD DSN=RAI NFALL . STNLOC , VOL=SER=I MAGE l ,  
I I  UNIT=TAPE , DI SP=OLD , LABEL= ( 2 0 , S L , , IN )  
I I GO . FT l OF O O l D D  DSN=RA I N . GAUGE . DATA8 1 , VOL=SER=I MAGE 1 ,  
I I UNIT=TAPE , DI SP=OLD , LABEL= ( 2 1 , SL , , I N )  
I I GO . FT 1 2F0 0 1 D D  DSN=RAI NFALL . JL$ $ JL%% , D I SP= ( NEW , KEEP ) ,  
I I VOL=SER=RANDYC , UN I T=TAPE , LABEL= ( 2 , SL) , 
I I DCB= ( RECFM=FB , LRECL=5 4 8 8 , BLKS I ZE=2 7440 , DEN=4 ) 
8 0  
I 
S e l ect ion o f  G round Gathered Mois ture Data Readings 
/ /AS JOB acctnumber , ' GATHER MO I STURE DATA ' , CLAS S=G , TI ME=4 , 
/ /  MSGCLASS=D , RE G I ON=3 0 0 0 K  
I I EXEC SAS J OUT= I .... I 
// SAMPLE S DD DSN=SO I L . SAMP . DATA8 l , UN I T=TAPE , VOL=SER= IMAGE l , D I S P=OLD , 
I I  LABEL= ( 23 , SL )  
/ / STNLOC DD UNIT=TAPE , VOL=SER= I MAGE l , D I SP=OLD , LABEL= ( 22 , S L ) , 
I I  DSN=SOI L . SAMP . STNLOC 
/ / PNCHDATA DD SYSOUT::-t• 




* ............................................................ ........................................ ............ ............................................ !':-.':-.':-.':-.': .. •: .. •:-.': .. ·:-.':-.':-.': .. ':-.': .. •: .. ·:-.': .. •: .. •: .. ':-.':-.': .. •: .. •: .. •:-.':-.':-.':-.': ; 
OPTIONS M I S S I NG= ' ' ;  
* - - - D * A * T * A C * 0 * L * L * E * C * T * I * 0 * N - - - - - - ; 
* - - - - - - - - - - - - READ DATA FROM SO I L  MO I STURE DATA - - - - - - - - - - - - - - - - - - - - - ; · 
DATA MOI ST ( KEEP=S ITE DATE LEVELO LEVEL l ) ; 
I NF I LE SAMPLE S ; 
I NPUT @ 1  S ITE $ 3 . 
@5 DATE MMDDYY6 . 
@ 1 2  LEVELO 3 . 3 
@ 1 6 LEVELl  3 . 3  @ ;  
I F  LEVEL0=0 . 9 9 9  THEN LEVELO= . ; 
I F  LEVEL 1=0 . 9 9 9  THEN LEVEL l= . ;  
OUTPUT MO I ST ;  
RETURN ; 
* - - - - - - - - - - - READ IN  RELATED S ITE LOCATION DATA - - - - - - - - - - - - - - - - - - - - - ; 
DATA LOCATION (KEEP=S ITE I D  LONG LAT) ; 
I NF I LE STNLOC ; 
INPUT @ 2 7  S ITE ID $ 3 . 
@5 LONG 8 . 3 
@ 1 3  LAT 8 . 3  @ ;  
IF  S ITE I D  NE ' ' THEN OUTPUT LOCATION ; 
* - - - - - - - - - SORT MO I STURE READ I NGS BY DATE AND PRINT - - - - - - - - - - - - - ; 
PROC SORT DATA=MO I ST ;  
BY S ITE DATE ; 
PROC PRI NT DATA=MO I ST ;  
FORMAT DATE WEEKDATE 29 . ; 
* - - �- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ; 
... . . , - - - - - - - - -
.... . , - - - - - - - - -
...  . , - - - - - - - - -
·i'r - - - - - - - - -
··-., - - - - - - - - -
··-., - - - - - - - - -
F I ND ALL DATA PERTAINING TO THE DATE 
DE S I RE D  OR E I THER : 
+++ A SAMPLE W ITHIN 3 DAYS PRI OR AND WITH I N  1 0  
DAYS AFTER DE S IRED DATE FOR INTERPOLATI ON 
+++ A SAMPLE WITHIN 1 0  DAYS PRI OR AND WITH I N  3 
DAYS AFTER DES I RED DATE FOR INTERPOLATI ON 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ; 
DATA OUTDATA ( KEEP=S ITE I D  MO I STO MO I ST l ) ; 





% INCLUDE DATE IN ;  
CENTER=INPUT ( DAY , DATE l O . ) ;  
8 2  
RETA I N  BEFORE BMO I STO AFTER AMO I STO S ITE ID CENTER CORRECTO E OF 
BMO I ST l  A�lOI ST l  CORRECT l ;  
S ITE I D= ' OO O ' ; 
EOF=O ; 
READ : ; 
I F  S ITE ID=S I TE THEN DO ; 
CURRENT=DATE -CENTER ; 
I F  CURRENT GT 0 THEN DO ; 
I F  CURRENT LT AFTER THEN DO ; 
AMO I ST l=LEVE L l ; 
AMO I STO=LEVELO ; 
AFTER=CURRENT ; 
. END ; 
END ; 
ELSE ; 
I F  CURRENT LT 0 THEN DO ; . 
I F  CURRENT GT BEFORE THEN DO ; 
B�lO I STO=LEVELO ; 





IF  CENTER=DATE THEN DO ; 
CORRECTO=LEVELO ; 





ELSE DO ; 
I F  ( ( BEFORE NE 0 )  AND (AFTER NE 0 ) ) THEN DO ; 




OR ( (ABS ( BEFORE ) LE 1 0 )  AND (AFTER LE 3 ) ) )  
XMO I STO=BMO I STO -AMOI STO ; 
XMOI STl=BMO I ST l -AMO I ST l ; 
XMOI ST8=BMO I ST8 -AMOI ST8 ; 
INCRO=XMO I STO / (AB S ( BEFORE ) +AFTER) ; 
INCRl=XMO I ST l / (AB S ( BEFORE ) +AFTER ) ;  
MO I STO=BMO I STO+ ( INCRO*BEFORE ) ;  
MO I STl=BMO I ST l+ ( INCR l*BEFORE ) ; 
IF S ITE I D  NE ' 0 00 ' THEN OUTPUT OUTDATA ; 
ELSE IF  BEFORE=O AND AFTER=O THEN DO ; 
MO I STO=CORRECTO ; 
MO I STl=CORRECT l ;  
I F  S ITE I D  NE ' 000 ' THEN OUTPUT OUTDATA ; 
THEN DO ; 
END ; 
END ; 
I F  ( (DATE - CENTER ) LT 0 )  THEN DO ; 
BEFORE=DATE -CENTER ; 
BMOI STO=LEVE LO ; 
BMO I ST l=LEVE L l ; 
END ; 
E LSE DO ; 
BEFORE=O ; 
BMO I ST l=O ; 
B�to i STO=O ; 
END ; 
I F  ( (DATE - CENTER)  GT 0 )  THEN DO ; 
AFTER=DATE - CENTER ; 
AMOI ST l=LEVE L l ; 
AMO I STO=LEVEL2 ; 
END ; 
ELSE DO ; 
S ITE ID=S ITE ; 
AFTER=9 9 9 ; 
AMO I ST l=O ; 
AMO I STO=O ; 
AGREEN=O ; 
END ; 
IF  EOF NE 0 THEN GOTO ALLDONE ; 
ELSE DO ; 
END ; 
SET MO I ST END=EOF ; 
GOTO READ ; 
ALLDONE : ;  
OUTPUT OUTDATA ; 
* - - - - - - - - - - - - - SORT OUTPUT DATASETS BY MERGE VARIABLE - - - - - - - - - - - - - - - · , 
* - - - - - - - - - - - - - JO IN BOTH TOGETHER BY S ITE I D , THEN 
* - - - - - - - - - - - - - PRINT OUT DATA AND PUT A FORMATTED 
* - - - - - - - - - - - - - LI ST OUT TO PNCHDATA DD FOR INPUT 
* - - - - - - - - - - - - - TO THE I MAGE GENERAT I ON PROGRAM . 
PROC SORT DATA=OUTDATA ; 
BY S ITE ID ;  
PROC . SORT DATA=LOCAT I ON ; B Y  S ITE ID ; 
DATA JO I N ; MERGE OUTDATA LOCAT I ON ; BY S ITE ID ; 
PROC PRI NT DATA=JO IN ; 
DATA ; 
SET JO IN ; 
F I LE PNCHDATA NOTITLE S ; 
PUT @ 1  S ITE ID $ 3 . @5 LONG 8 . 3 
@ 15 LAT 8 . 3 
@25 MO I STO 4 . 3 @35 MO I ST !  4 . 3 ;  
RETURN ; 
- - - - - - - - - - - - - - - ; 
- - - - - - - - - - - - - - - ; 
- - - - - - - - - - - - - - - ; 
- - - - - - - - - - - - - - - ; 
/ /DATE I N  DD ·/( DATE OF DATE DE S IRED USE SAS DATE FORMAT 
RETAIN DAY ' 6JUL8 1 ' ; 
8 3  
84 
Gener at ion o f  So i l  Mois ture Image 
I IA6 JOB acctnumber , ' MAKE MOI STURE MAP ' , CLASS=M , TIME=2 0 0 , 
I I  MSGCLAS S=D , MSGLEVEL= ( 1 , 1 ) , RE G I ON=65 00K 
I*JOBPARM LINE S= 1 0 0 , TIME=9 9 9 , ROOM= 1 8  
/ 1* Requ ir es not i f icat ion o f  sys t em operator , due to pos s ib ly 
/ /* very large execut ion t imes ( var ies with number o f  ava i l ab l e 
/ /* po ints o f  ground gathered data )  
/ /GENERATE EXEC FORTVCLG , GOREGN=60 0 0K , PARM= ' XREF , OPT ( 3 ) , GOSTNT ' , 
/ /  FVREGN=45 0 0K , FVLNSPC= ' 3 2 0 0 , ( 7 5 ,  2 0 ) ' , OUT= ' -;': '  , TIME . G0=3 0 0  
/ /FORT . SYS I N  D D  * 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C SETT I NG UP PROGRAM STORAGE AREAS 
c . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
I NTEGER VALUE , STN ID 
REAL*8 N , M 1 , M2 , I NLAT , I NLONG , CONVRS , ALNGTH ; ECCENT 
REAL-;':8 PRLAT1 , PRLAT2 , ORGLAT , ORGLNG , LINE , P IXEL 
REAL-;�:8 QPRT1 , QPRT2 , QPRT3 , QPRT4 , QPRT5 , QPRT23 
REAL-;'.-8 Q 1 , Q2 , QO , Q ,  C ,  RO\vE , ROWED , THETA 
REAL-;':4 IMAGE ( 6 8 6 , 454 ) , IHAGE 2 ( 6 86 , 454 ) , VAL ( 9 , 2 )  
REAL*4 DATA ( 20 0 , 3 ) , MO I STO , MO I ST 1  
REAL*4 LAT , LONG , FLAG , P IXL ( 8 )  
INTEGER CNTY , STN , MONTH , DATE , PASS 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C F I LL IN I MAGE WITH IN ITIAL VALUE FLAG FOR EMPTY CELLS 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .  . 
DO 1 J= 1 , 45 4  
D O  2 I= l ,  6 8 6  
IHAGE ( I , J ) = - 1 
2 CONTINUE 
1 CONTI NUE 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
C . . READ THE STATION LOCAT I ON DATA INTO THE ARRAY 
C . . DATA ( 1 , X ) = STAT I ON ID 
C . . DATA ( X , l ) = STAT I ON LAT . 
C . . DATA ( X , 2 ) = STAT I ON LONG 
C . . DATA ( X , 3 ) = STAT I ON TEMP 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
I=O 
1 0 0  I=I+l  
READ ( 5 , 1 0 2 , END= 1 0 1 )  LONG , LAT � MO I STO , MO I ST 1  
1 0 2  FORMAT ( 4X , F8 � 3 , 2X , F8 . 3 , 2X , F4 . 3 , 6X , F4 . 3 ) 
DATA ( I , 1 ) =LAT 
DATA ( I , 2 ) =LONG 
DATA ( I , 3 ) =MO I ST 1  
GOTO 1 0 0  
1 0 1  CONTINUE 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C WRITE TH I S  DATA OUT FOR A CHECK AND CONVERT TO LINE AND P I XEL 
c 






DO 30 1 J=1 , I  
I F  ( (DATA ( J , 1 ) . EQ . O . O ) . OR . ( DATA (J , 2 ) . EQ . O . O ) ) GOTO 3 0 1 
WRI TE ( 6 , 30 0 )  J , DATA ( J , 1 ) , DATA (J , 2 ) , DATA (J , 3 ) 
3 0 0  FORMAT ( ' ' , I 3 , 5X , F 10 . 5 , 5X , F 10 . 5 , 5X , F5 . 2 ) 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C F I ND ING THE L I NE AND P I XE L  LOCAT I ON FOR THESE STAT I ONS 
C REPORTING AND STORK' L I NE I N  DATA ("''.- , * , 1 )  AND P IXEL I N  DATA (.,': , -.'.- , 2 ) 
C THEN REWRI TE THI S  DATA AGAI N  AFTER THE CONVERS I ON 
C AND PLACE THE VALUE INTO THE I HAGE ARRAY 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
I NLONG=DATA ( J , 2 ) 
I NLAT=DATA (J , 1 ) 
CONVRS=3 . 14 15 9 26 5 4 / 1 8 0  
BELOW CONSTANTS ARE SATELLITE AND I MAGE LOCAT I ON 
DEPENDENT . CHANGE I F  NOT FROM A NOAA SATELLITE 
AND OF SOUTH DAKOTA AREA 
ALNGTH=6 3 7 8 2 0 6 . 4  
ECCENT=0 . 0 8 22 7 1 9 
PRLAT1=42 . 7 S•':CONVRS 
PRLAT2=45 . 25•':CONVRS 
ORGLAT= ( 44 ) •':CQNVRS 
ORGLNG= ( - 1 0  0 )  •':CONVRS 
c-.·:-.'d:-.'d:;':-.'d:-.':•':-.':-.':;':•':-.'ddd: END OF DEPENDENT C 0 NS T ANTS. •'d:•':·J:•':•':•':-.':-.':-.':;'d:-.':•':-.'d:;b': 
I NLONG= INLONG•':CONVRS 
I NLAT=INLAT*CONVRS 
M 1=cos ( PRLAT 1 ) 1 c c 1 - (ECCENT•'"""2 ) ''" c CDS I N  C PRLAT 1 ) ) •'"""2 ) ) ......... o .  s )  
M2=COS ( PRLAT2 ) / ( ( 1 - ( ECCE�T**2 ) * ( (DS I N ( PRLAT2 ) ) **2 ) ) **0 . 5 )  
QPRT 1= ( 1 -ECGEN'f-':;':2 ) 
QPRT2= ( 1+ECCENT*DS I N ( ORGLAT ) ) 
QPRT3= ( 1 -ECCENT•':DS I N  ( ORGLAT ) ) 
QPRT23=DLOG ( QPRT3/ QPRT2 ) 
QPRT4= 1 / ( 2*ECCENT ) 
QPRTS= ( 1 - ( ( ECCENT•'d:z  ) •': ( (DS I N  ( ORGLAT ) ) '':-.':2 ) ) )  
QPRTS= (DS I N ( ORGLAT ) / QPRTS ) 
QO=QPRT 1* ( QPRT5 - QPRT4*QPRT23 ) 
QPRT 1= ( 1 -ECCENT•'d:2 ) 
QPRT2= ( 1+ECCEN'f'�DS I N ( PRLAT 1 ) )  
QPRT3= ( 1 -ECCENT•':DS I N ( PRLAT1 ) )  · 
QPRT23=DLOG ( QPRT3 / QPRT2 ) 
QPRT4= 1 /  ( 2''"ECCENT )  
QPRTS= ( 1 - ( ( ECCENT•'d:z  ) •': ( (DS IN ( PRLAT 1 )  ) 'b': 2 ) ) )  
QPRTS= (DS I N ( PRLAT 1 ) /QPRT5 ) 
Q 1=QPRT 1* ( QPRT5 - QPRT4*QPRT2 3 )  
QPRT i= ( 1 -ECCENT•'d:2 ) 
QPRT2= ( 1+ECCENT'':DS IN ( PRLAT2 ) )  
QPRT3= ( 1 -ECCENT•':DS I N  ( PRLAT2 ) ) 
QPRT23=DLOG (QPRT3 / QPRT2 ) 
QPRT4= 1 /  ( z-.':ECCENT ) 










QPRT5= ( DS IN ( PRLAT2 ) / QPRT5 ) 
Q2=QPRT1·:. ( QPRT5 -QPRT4"':QPRT23 ) 
QPRT l= ( 1 - ECCENT1d•2 ) 
QPRT2= ( 1 +ECCENT"'•DS IN ( INLAT) ) 
QPRT3= ( 1 -ECCENT"�D S IN ( INLAT ) ) 
QPRT23=DLOG ( QPRT3 / QPRT2 ) 
QPRT4=1 /  ( 2"'•ECCENT )  
QPRT5= ( 1 - ( (ECCENT-.':7•2 ) * (  (DS IN ( INLAT) ) "'""•2 ) ) )  
QPRT5= ( DS I N ( INLAT ) / QPRT5 ) 
Q=QPRTl"': (QPRT5 -QPRT4"':QPRT2 3 )  
N= ( (M 1**2 ) - ( M2**2 ) ) / ( Q2 -Q l )  
C= ( M1**2 ) + ( N*Q l )  
ROWE= (ALNGTH-.'• ( ( C - N"':Q ) "'""• O . 5 ) ) /N 
ROWE O= ( ALNGTH-.'• ( ( C -N"':QO ) .,'d:Q . 5 ) )  /N 
THETA=N-.'• ( I NLONG -ORGLNG ) 
X=RO\vE"'  (DS  I N  (THETA ) ) 
Y=ROWEO - ( ROWE"" (DCOS (THETA ) ) )  
BELOW EQUATI ONS ARE SATE LLITE AND IMAGE LOCATI ON 
DEPENDENT . CHANGE I F  NOT FROM A NOAA SATELL ITE 
AND OF SOUTH DAKOTA AREA 
LINE= ( ( 2 3 1 0 0 0 - Y ) / 1 0 0 0 ) + 1 . 5 
P I XE L= ( (X+ 3 5 2 0 0 0 ) / 1 0 0 0 ) + 1 . 5  
-;': 
�·: 
C"':-.'ddd:-.'•-.':-.':-.'d:·ld:-.'dd:-.bb': END OF DEPENDENT EQUATIONS -.'d:-.'d:-.b'..-.':7:-.':-.':-.'ddd:-.':-.':-.'d: 
DATA ( J , 2 ) = INT ( P IXE L )  
DATA ( J , l ) =I NT ( LINE )  
X=DATA ( J , 2 )  
Y=DATA ( J , l )  
WRITE ( 6 , 3 0 4 )  J , DATA ( J , l ) , DATA (J , 2 ) , DATA ( J , 3 )  
304 FORMAT ( 5 X , ' .......  coNVERTED ....... , ' ,  I 3 , 5X , F lO . 5 ,  sx , F l o . 5 ,  5 X , F5 . 2 )  
IMAGE ( X , Y ) =DATA ( J , 3 )  
3 0 1 CONTI NUE 
3 0 2  CONTI NUE 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C NOW TAKE THE RA I NFALL AMOUNTS PLACED INTO THE IMAGE ARRAY 
C AND S PREAD THESE VALUES THROUGH OUT THE ENTIRE STATE 
C US I NG A 3X3 W INDOW F I LLING THE CENTER WITH THE VALUE 
C WHI CH I S  THE MOST PREDOMINANT IN THE \viNDOW . KEE P  ON 
C DOING THI S  UNT I L  NO - 1  FLAGS · APPEAR IN ANY CELL 
C EXCEPT VERY OUTER BORDER RO\vS AND COLUMNS . 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
c . . . · . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
c · 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
C START THE ROUTI NE OFF , BUT DON ' T  GO THROUGH CHECK FOR F I N I SH 1 ST 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
PAS S=O 
FLAG= - 1 
GOTO 5 0 1  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · . . . . . . . . . . 
8 6  
-
..... 
C CHECK TO SET I F  ITS DONE YET , ELSE UPDATE PASS COUNT 
C AND CONTINUE ON 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
5 0 0  IF (FLAG . EQ . O ) GOTO 5 5 0  
FLAG=O 
PASS=PASS+l 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C PAS S THROUGHT ENT I RE I MAGE ONCE WITH 3X3 WINDOW 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
5 0 1  DO 5 02 , X=2 , 6 8 6 - 1 
DO 5 0 3 , Y=2 , 45 4 - 1 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · 
C SEE IF THI S  CELL NEEDS REPLAC ING , IF SO F I LL OUT 3X3 GR I D  
C SETUP WITH CENTER OUT AND TURN ON FLAG THAT TH I S  PAS S 
C · FOUND AN EHPTY CELL 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
IF ( I MAGE (X , Y ) . NE . - 1 )  GOTO 5 33 
FLAG= - 1 . 
P I XL ( 1 ) =I MAGE ( X - 1 , Y - 1 )  
P I XL ( 2 ) =IMAGE ( X , Y - 1 )  
P IXL ( 3 ) =IMAGE ( X+ 1 , Y - 1 )  
P I XL ( 4 ) =IMAGE ( X - 1 , Y )  
P I XL ( 5 ) =IMAGE ( X+ 1 , Y ) 
P IXL ( 6 ) =IMAGE ( X- 1 , Y+ 1 )  
P I XL ( 7 ) =IMAGE ( X , Y+ 1 ) 
P IXL ( 8 ) =IMAGE ( X+ 1 , Y+ 1 )  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
C NOW CLEAR OUT VALUE ARRAY WHI CH COUNTS NUMBER OF STR IKES 
C FOR A S PEC IF IC P I XE L  VALUE , F I LL INDEX 1 WITH - 1 FLAG 
C BECAUSE THI S  I SN ' T  A VALID VALUE , W I LL START CHECK 
C FOR HIGHEST STRIKE COUNT AT INDEX 2 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
DO 5 04 , I=1 , 9  
VAL ( I , 1 ) =- 9 
VAL ( I , 2 ) =0 
5 04 CONTINUE 
VAL ( 1 , 1 ) = - 1 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C BELOW WI LL CHECK EACH GRID VALUE AGAINST THE VALUE 
C ARRAY , IF VALUE I S  FOUND WI LL INCREMENT THE 
C STRIKE COUNT ONE , IF VALUE DOESN ' T  APPEAR 
C IN  THE VALUE ARRAY , THEN PLACE IT IN THE 
C VALUE ARRAY FOR NEXT PAS S 
c � . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . .  · . . 
DO 5 2 0 , J= 1 , 8  
I=1  
505 IF (VAL ( I , 1 ) . EQ . - 9 )  GOTO 5 15 
IF (VAL ( I , 1 ) . NE . P I XL ( J ) ) GOTO 5 1 0 
VAL ( I , 2 ) =VAL ( I , 2 ) + 1  
GOTO 5 20 
5 15 VAL ( I , 1 ) =P IXL ( J )  





VAL ( I , 2 ) = 1  
GOTO 5 20 
5 1 0 I F ( I . EQ . 9 )  GOTO 5 2 0  
I=I+1  
GOTO 5 0 5  
5 20 CONTINUE 




FIND MAJOR GRI D  VALUE AND STI CK THI S  INTO EMPTY CELL 
ELSE DEFAULT TO 1 , 1  OF VAL ARRAY WHI CH I S  THE 
EHPTY VALUE , - 1 ,  AND CONTINUE ON 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
J=O 
K=2 
DO 5 3 0  I=2 , 9  
IF  (VAL ( I , 2 ) . LT . J ) GOTO 5 3 0  
J=VAL ( I , 2 ) 
K=I 
5 30 CONT INUE 
. IMAGE2 (X , Y ) =VAL ( K , 1 )  
GOTO 5 0 3  
5 3 3  IMAGE2 (X , Y ) =IMAGE ( X , Y )  
5 0 3 - CONTINUE 
5 0 2  CONTI NUE 
DO 5 3 1  I=1 , 6 8 6  
D O  5 32 J=1 , 45 4  
IMAGE ( I , J) =IHAGE 2 ( I , J ) 
5 3 2  CONTI NUE 
5 3 1  CONTINUE 
GOTO 5 0 0  
5 5 0  CONTINUE 







NOW SMOOTH OUT THE S I NGLE VALUES FROM THE IHAGE SO 
SO SPARAT I C , AND FLAG AGA IN W I TH - 1  FOR A SECOND 
WITH THE ABOVE , ONLY THI S  T IME CHECKING THAT THE 
STR I KE VALUE I S  GREATER THAN OR EQUAL TO 2 
W I LL PUT IMAGE TO BE REWORKED 
I NTO IMAGE ARRAY 2 
IT I SNT 
PAS S  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
c 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
C PAS S THROUGHT ENT I RE INAGE ONCE WITH 3X3 WINDOW 
c . .  · . '· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
6 0 1  DO 602 , X=2 , 6 86 - 1  
DO 6 0 3 , Y=2 , 454 - 1  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C SEE IF THI S  CELL NEEDS REPLAC ING , IF SO F I LL OUT 3X3 GR I D  
C SETUP W I TH CENTER OUT AND TURN ON FLAG THAT THI S  PAS S  
C FOUND AN EMPTY CELL 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
FLAG=- 1 





P IXL ( 1 ) = IMAGE ( X- 1 , Y - 1 )  
P IXL ( 2 ) =IMAGE (X , Y - 1 )  
P IXL ( 3 ) =IMAGE ( X+ 1 , Y - 1 )  
P IXL (4 ) =IMAGE ( X - 1 , Y )  
P IXL ( S ) =IMAGE (X+ 1 , Y ) 
P I XL ( 6 ) = IMAGE (X - 1 , Y+ 1 ) 
P IXL ( 7 ) =IMAGE (X , Y+ 1 ) 
P IXL ( 8 ) =IMAGE ( X+ 1 , Y+ 1 ) 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C NOW CLEAR OUT VALUE ARRAY WHI CH COUNTS NUMBER OF STR I KE S  
C FOR A S PEC I F I C  P I XEL VALUE , FILL INDEX 1 WITH - 1  FLAG 
C BECAUSE THI S  I SN ' T  A VALID VALUE , WILL START CHECK 
C FOR H I GHEST STRI KE COUNT AT INDEX 2 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
DO 6 04 , I= 1 , 9  
VAL ( I , 1 ) = - 9  
VAL ( I , 2 ) =0 
6 04 CONTINUE 
VAL ( 1 ,  1 ) =- 1 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C BELOW W I LL CHECK EACH GRI D  VALUE AGAINST THE VALUE 
C ARRAY , IF VALUE I S  FOUND W I LL INCREHENT THE 
C STRI KE COUNT ONE , IF VALUE DOESN ' T  APPEAR 
C I N  THE VALUE ARRAY , THEN PLACE IT IN THE 
C VALUE ARRAY FOR NEXT PASS 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
DO 6 2 0 , 3= 1 , 8  
I=1  
605 I F  ( VAL ( I , 1 ) . EQ . - 9 )  GOTO 6 1 5 
I F  (VAL ( I , 1 ) . NE . P I XL (J ) ) GOTO 6 1 0 
VAL ( I , 2 ) =VAL ( I , 2 ) + 1  
GOTO 6 20 
6 15 VAL ( I , 1 ) =P IXL ( J ) 
VAL ( I , 2 ) = 1  
GOTO 6 20 
6 1 0 I F ( I . EQ . 9 )  GOTO 6 2 0  
I=I+ 1 
GOTO 6 05 
6.20 CONTI NUE 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
C F I ND THE CENTER GR IDS  STRI KE COUNT FOR OUT LINING 
C . IF  COUNT I S  GREATER THAN OR EQUAL TO 1 THEN LEAVE 
C . E LSE FLAG FOR NEXT PASS THROUGH 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · . · . . . . . . 
I =2 
Z=IMAGE (X , Y )  
6 3 1  I F  (VAL ( I , 1 ) . NE . Z )  GOTO 632  
I F  (VAL ( I , 2 ) . GE . 2 )  GOTO 6 3 0  
Z=- 1 . 0 
GOTO 6 3 0  
6 3 2  I =I+1  
89  
· ··� 
I F  ( I . LT . l O ) GOTO 6 3 1 
Z=- 1 . 0  
6 3 0  CONTINUE 
I MAGE 2 ( X , Y ) =Z 
603 CONTINUE 
6 0 2  CONTINUE 
DO 65 1 I = 1 , 68 6  
D O  652  J=1 , 454 
IMAGE ( I , J ) =IMAGE 2 ( I , J) 
6 5 2  CONTINUE 
65 1 CONTINUE 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C NOW FOR THE F INAL PAS SES OVER TO REPLACE THE FLAGGED P I XE LS 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
c 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - � . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C START THE ROUTI �E OFF , BUT DON ' T  GO THROUGH CHECK FOR F I N I SH 1 ST 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
FLAG=- 1 
GOTO 7 0 1  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C CHECK TO SET IF ITS DONE YET , ELSE UPDATE PAS S COUNT 
C AND CONTI NUE ON 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
7 0 0  IF (FLAG . EQ . O )  GOTO 7 5 0  
FLAG=O 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C PASS THROUGHT ENTIRE IMAGE ONCE W ITH 3X3 W INDOW 
c . . . . . . . . . . . . . . . . · - · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
7 0 1  DO 7 0 2 , X=2 , 68 6 - 1  
DO 7 0 3 , Y=2 , 454 - 1 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; . 
C SEE IF THI S  CELL NEEDS REPLAC ING , IF SO F ILL OUT 3X3 GRI D  
C SETUP WITH CENTER OUT AND TURN ON FLAG THAT THI S  PASS 
C FOUND AN EMPTY CELL 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
IF ( IMAGE (X , Y ) . NE . - 1 )  GOTO 7 3 3  
FLAG=- 1 
P I XL ( 1 ) =IMAGE (X - l , Y - 1 )  
PIXL ( 2 ) =IMAGE (X , Y - 1 )  
P I XL ( 3  ) =I MAGE (X+ 1 , Y - 1 )  
P I XL ( 4 ) =IMAGE (X - l , Y )  
P IXL ( 5 ) =I MAGE (X+ l , Y )  
P I XL ( 6 ) =IMAGE ( X - l , Y+ l ) 
P IXL ( 7 ) =I MAGE (X , Y+ l )  
P IXL ( 8 ) =IMAGE (X+ 1 , Y+ l )  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C NOW C LEAR OUT VALUE ARRAY WH ICH COUNTS NU�tBER OF STRI KE S  
C FOR A S PEC I F I C  P I XE L  VALUE , F I LL INDEX 1 WITH - 1 FLAG 
C BECAUSE THI S  I SN ' T  A VALI D  VALUE , W I LL · START CHECK 
. 





C FOR H I GHEST STRI KE COUNT AT INDEX 2 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
DO 7 04 , I=1 , 9  
VAL ( I , 1 ) =- 9 
VAL ( I , 2 ) =0 
7 04 CONTINUE 
VAL ( 1 , 1 ) = - 1 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C BELOW W I LL CHECK EACH GRID VALUE AGAINST THE VALUE 
C ARRAY , I F  VALUE I S  FOUND W I LL INCREMENT THE 
C STRI KE COUNT ONE , IF VALUE DOESN ' T  APPEAR 
C IN THE VALUE ARRAY , THEN PLACE IT IN THE 
C VALUE ARRAY FOR NEXT PAS S 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
DO 7 2 0 , J= 1 , 8  
I = 1  
7 05 IF ( VAL ( I , 1 ) . EQ . - 9 )  GOTO 7 15 
I F  ( VAL ( I , 1 ) . NE . P I XL ( J ) ) GOTO 7 10 
VAL ( I , 2 ) =VAL ( I , 2 ) + 1  
GOTO 7 20 
7 15 VAL ( I , 1 ) =P I XL ( J )  
VAL ( I , 2 ) = 1  
GOTO 7 2 0  
7 10 IF ( I . EQ . 9 ) GOTO 7 20 
I=I+1  
GOTO 7 05 
7 20 CONTINUE 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C F IND MAJOR GRI D  VALUE AND STICK TH I S  INTO EHPTY CELL 
C ELSE DEFAULT TO 1 , 1  OF VAL ARRAY WHICH I S  THE 
C EMPTY VALUE OF - 1 ,  AND CONTINUE ON 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
J=O 
K=2 
DO 7 3 0  I=2 , 9  
IF (VAL ( I , 2 ) . LT . J ) GOTO 7 3 0  
J=VAL ( I , 2 ) 
K=I 
7 3 0  CONTINUE 
IF (VAL ( K , 2 ) . GT . 1 )  IMAGE2 (X , Y ) =VAL (K , 1 ) 
GOTO 7 0 3  
7 � 3  IMAGE 2 (X , Y ) = IMAGE ( X , Y ) 
7 0 3 - CONTINUE 
7 02 CONTINUE 
DO 7 3 1  I=1 , 6 8 6  
DO 7 3 2  J= 1 , 45 4  
IF ( IMAGE2 ( I , J ) . GT . O . O ) THEN 
IMAGE ( I , J) =IMAGE2 ( I , J ) 
E LSE 
I MAGE ( I , J ) =- 1 
END IF 
9 1  
· -
7 32 CONTINUE 
7 3 1  CONTINUE 
GOTO 7 0 0  
7 S O  CONTI NUE 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C F INALLY ALL DONE . NOW WRITE PAS S  COUNT OUT AND A SAMPLE 
C OF THE C OMPLETED I MAGE FOR A CHECK 
C THEN WRITE I MAGE TO A D I SK F I LE 
C AND USE SAS GCONTOUR TO PLOT 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
DO 8 0 6  J= 1 , 4S 4  
WRITE ( 6 , 80 7 ) ( IMAGE2 ( I , J ) , I=3 0 0 , 3 1S ) 
8 0 7  FORMAT ( 1 6F8 . 2 ) 
8 0 6  CONTINUE 
DO 4 0 0 0  J= 1 , 4S 4  
WRITE ( 12 , 40 0 1 )  ( IMAGE2 ( I , J ) , I= 1 , 68 6 )  
400 1 FORMAT ( 20 0F8 . 3 , 20 0F8 . 3 , 20 0F8 . 3 , 8 6F8 . 3 ) 
4000  CONTINUE 
END 1 -.': 
I I GO . FT 1 2F0 0 1  DD DSN=TEMP . MO I STO , D I SP= (NEW , PASS ) , 
I I  VOL=SER=XCRTCH , UNIT=SYSDA , SPACE= ( S488 , ( 460 , 2S ) ) ,  
I I DCB= ( RECF�1=FB , LREC L=S488 , B LKS I ZE=S 4 8 8 ) 
I I* Fo l lowing DD prec edes data generated from p rogram in Appendix AS 
I I* A l l incomp lete dat a cards mus t be de leted be fore execut ion . 
I I* So i l  l eve l o f  generat ed image is determ ined by the FORMAT 
I I* s t at ement r ead ing in this  dat a ,  and mus t  be changed to des ired . 
I IGO . SYS IN DD -.': 
E O l - 9 7 . 1 9 8  
E 0 2  - 9 7 . S 20 
E 0 3  - 9 7 . 6 2 0  
E04 - 98 . 08 S  
E OS - 9 8 . 22 2  
E 0 6  - 9 8 . 3 0 3  
E 0 7  - 9 7 . 90 0  
E 0 8  - 9 7 . 7 8 0  
E 0 9  - 9 7 . S 2 1  
E 10 - 9 7 . 1 2 0  
NO l. - 9 6 . 7 3 3  
N02 - 9 6 . 7 12 
N03 - 9 6 . 7 3 3  
N04 - 9 6 . 6 7 2  
NOS . - 9 6 . 6 9 2  
N06 - 9 6 . 6S O  
N0 7 - 9 6 . 7 7 1  
NOB - 9 6 . 8S 4  
S O l  - 9 6 . 7 S 7  
S02  - 9 6 . 6 3 6  
S03  - 9 6 . 7 2 2  
S 04 - 9 6 . 7 0 2  
S 05 - 9 6 . 8 9 7  
44 . 3 7 7  
44 . . 3 6 1  
44 . 3 7 6  
44 . 3 7 7  
44 . 18 9  
44 . 00 1  
44 . 044 
44 . 00 0  
43 . 9 8 6  
43 . 9 8 7  
44 . S 6 3  
44 . 66 S  
44 . 7 3 7  
44 . 8 1 0  
44 . 8 8 3  
4S . 1 9 0  
4S . 2 1 9  
4S . 29 1  
44 . 146  
43 . 9 14 
43 . 7 8 3  
4 3 . 7 S 4  
43 . 4 1 0  
. 1 2 0  
. 0 3 4  
. 0 7 9  
. 0 3 2  
. 0 2 9  
. 0 3 5  
. 049 
. OS 3  
. 0 9 3  
. 0 66  
. 1 0 1  
. 1 1 9  
. 0 9 3  
. 0 9 3  
. 1 2 7  
. 05 6  
. 0 64 
. 0 2 1  
. 0 8 3  
. 0 74  
. 2 7 3  
. 0 8 9  
. 1 24 
. 1 2 1  
. 0 68 
. 0 8 7  
. 0 9 6  
. 0 74 
. 0 68  
. 0 9 3  
. 1 8 7  
. 1S 7  
. 1 74 
. 1 0 7  
. 1 09  
. 15 7  
. 1 14 
. 09 3  
. 1 1 7  
. 10 6  
. 066  
. 12 1  
. 0 74  
. 2 1 6  
. 1 85 
. 1 9 6  
9 2  
-
""' 
9 3  
S 0 6  - 9 6 . 8 7 7  43 . 2 7 1  . 04 7  . 144 
S 0 1  - 9 6 . 7 7 8  43 . 25 7  . 0 7 4  . 1 7 8  
S O B  - 9 6 . 7 7 8  43 . 0 7 7  . 15 9  . 1 9 2  
809  - 9 6 . 6 6 0  42 . 9 24 . 1 43 . 1 6 0  
W0 1 - 9 8 . 03 1  45 . 46 5  . 048 . 1 3 8  
·wo2 - 9 8 . 1 5 5  45 . 49 4  . 0 5 3  . 1 29  
W03 - 9 8 . 64 7  45 . 47 9  . 09 0  . 10 7  
W04 - 9 8 . 83 1  45 . 45 0  . 08 1  . 1 3 0  
W05 - 9 9 . 0 1 7  45 . 49 7  . 0 04  . 1 1 3  
W06 - 9 9 . 12 1  45 . 45 4  . 06 8  . 1 0 7  
W0 7 - 9 9 . 348 45 . 46 9  . 1 1 5  . 0 6 6  
W08 - 9 9 . 65 9  45 . 46 9  . 1 1 0  . 1 3 7  
W09 - 9 9 . 7 2 1  45 . 45 5  . 0 7 4  . 1 3 2  
W 1 2  - 1 02 . 1 3 5  45 . 45 0  . 0 1 1  . 0 7 3  
W 1 4  - 1 0 2 . 5 8 9  45 . 49 -3 . 06 1  . 0 9 2  
W 1 5  - 10 2 . 7 5 3  45 . 5 3 6  . 0 3 9  . 04 1  
W 1 7  - 10 3 . 5 5 4  45 . 5 2 3  . 005  . 0 5 3  ·-
W 1 8  - 10 3 . 5 9 8  45 . � 0 6  . 0 12 . 0 32 
W 1 9  - 1 0 3 . 55 6  44 . 9 7 3  . 0 2 1  . 14 1  
W2 1 - 10 3 . 7 6 1  44 . 88 7  . 0 2 7  . 0 9 3  
W22 - 10 3 . 8 2 2  44 . 7 7 1  . 0 0 9  . 0 7 1 
W23 - 10 3 . 5 1 3 44 . 68 4  . 049 . 10 7  
W24 - 1 0 3 . 1 8 2  43 . 945 . 043 . 1 1 3  
W25 - 10 3 . 2 2 2  43 . 7 8 8  . 0 3 8  . 08 4  
W26 - 1 0 3 . 348 43 . 340 . 0 1 0 . 0 3 1  
W2 7 - 1 0 3 . 1 1 7 43 . 1 9 4  . 045 . 09 9  
W28 - 1 0 1 . 3 6 5  43 . 2 0 8  . 0 1 0  . 0 2 9  
W29 - 1 0 1 . 2 8 6  43 . 19 3 . 0 2 0  . 05 8  
W30 - 1 0 1 . 5 24 43 . 2 6 6  . 0 20  . 0 8 1  
W32 - 10 1 . 1 9 4  43 .. 8 7 2  . 0 35 . 1 23 
W33 - 1 02 . 25 6  44 . 00 1  . 048 . 1 5 5  
W34 - 1 02 . 2 1 6  44 . 0 3 0  . 0 26 . 0 74 
W35 - 1 0 2 . 1 8 8  43 . 9 8 8  . 0 9 1 . 14 7  
W3 7 - 10 1 . 9 1 0 44 . 48 1  . 0 20 . 0 24 
W38 - 10 2 . 030  44 . 6 2 5  . 0 3 6  . 0 7 6  
W39 - 102 . 0 5 5  44 . 7 40 . 040 . 09 0  
W40 - 10 2 . 0 3 5  44 . 88 6  . 0 2 9  . 08 1  
W43 - 10 1 . 548 44 . 40 8  . 15 0  . 1 1 2  
W44 - 10 1 . 106  44 . 3 6 6  . 1 9 7  . 1 7 5  
W45 - 1 0 1 . 1 34 43 . 946  . 1 7 5  � 15 3  
W46 - 10 1 . 7 1 1  43 . 8 14 . 16 6  . 143 
W47 - 9 9 . 9 15 44 . 5 25  . 25 4  . 2 7 7  
W48 . - 9 9 . 605 44 . 55 6  . 35 7 . 3 13 
W49 - 9 9 . 4 7 1  44 . 5 25  . 423 . 2 1 3  
W5 0 � 9 9 . 09 1  44 . 5 4 0  . 2 3 3  . 2 8 1  
W5 1 - 9 8 . 7 5 1  44 . 422  . 1 00 . 142 
W5 2 - 9 8 . 46 8  44 . 48 0  . 1 0 1  . 0 9 0  





Data B a s e  Generat ion 
I lAB JOB acctnumber , ' JO I N  IMAGE S ' , CLASS=M , TIME=9 9 9 , MSGCLASS=D , 
I I  REGION=6000K , MS GLEVEL= ( l , l )  
I"�:JOBPARM ROOM= l 8  
I I* Requ ires not i f i cat ion o f  sys t em operator , due t o  pos s ib ly 
I I* very l arge execut ion t imes . This program copies  a l l  images 
I 1�': to disk f i l es fo r j o int s equent ial  reads from a l l  images , 
I I* and w i l l  require about 20  megabyt es o f  disk s torage in 
I I* addit ion to other r equired t emporary fi l es . 
I I* NOTE : date and t ime mus t b e  changed in Fort ran program 
I I* to that read f rom the image labe l program ( A l ) 
I I  EXEC PGM=IEBGENER 
I I SYSPRINT DD SYSOUT=�·: 
I I SYS I N  DD DUMMY 
I I SYSUT2 DD DSN=&&MASK , 
I I  D I SP= ( NEW , PAS S ) , S PACE= ( 5488 , ( 460 ) ) , UNIT=3 340 , 
I I  DCB= ( RECFM=FB , LRECL=5 4 8 8 , BLKS I ZE=5 488 )  
I I SYSUT l  DD DSN=MASK . IMAGE . SD , LABE L= ( 19 , SL ) , VOL=SER=IMAGE 1 , 
I I  UNIT=TAPE , D I SP= ( O LD , PAS S )  
I I  EXEC PGH=IEBGENER 
I I SYSPR INT DD SYSOUT=* 
I I SYS IN DD DUMMY 
I I SYSUT2 DD DSN=&&STEMP , 
I I  D I SP= (NEW , PASS ) , SPACE= ( 5 488 , ( 46 0 ) ) , UNIT=3 340 , 
I I  DCB= ( RECFM=FB , LRECL=5 4 8 8 , BLKS I ZE=548 8 ) 
I I SYSUT l  DD DSN=TEMP . IMAGE . JL6 , LABEL= ( l , SL ) , VOL=SER=IMAGE 1 ,  
I I  UNIT=TAPE , D I S P= ( O LD , PASS ) 
I I  EXEC PGM=IE BGENER 
I I SYSPR I NT DD SYSOUT="': 
I I SYS IN DD DUMMY 
I I SYSUT2 DD DSN=&&RAI N , 
I I  D I S P= ( NEW , PASS ) , S PACE= ( 5 48 8 , ( 4 6 0 ) ) , UNIT=3 340 , 
I I  DCB= ( RECFM=FB , LREC L=5 4 8 8 , BLKS I ZE=548 8 ) 
I I SYSUT1  DD DSN=RN . I MAGE . JL2JL6. , LABEL= ( 7 , S L ) , VOL=SER=I �1AGE 1 , 
I I  UN IT=TAPE , D I SP= ( OLD , PASS )  
I I EXEC PGM=IEBGENER 
I I SYSPR INT DD SYSOUT=�·: 
I I SYS IN DD DUMMY 
I I SYSUT2 DD DSN=&&AIRTMP , 
I I  D I SP= (NEW , PASS ) , SPACE= ( 5 488 , ( 460 ) ) , UN IT=3 340 , 
I I  DCB= ( RECFM=FB , LRECL=548 8 , BLKS I ZE=548 8 )  
I I SYSUT l D D  DSN=AI RTEMP . JL6 . I MAGE , LABEL= ( 25 , SL ) , VOL=SER=IMAGE 1 ,  
I I UNIT=TAPE , D I S P= ( OLD , PAS S )  
I I  EXEC PGM= IEBGENER 
I·I SYSPRI NT DD SYSOUT='': 
I I SYS I N  DD DUMMY 
I I SYSUT2 DD DSN=&&MO I STO , 
I I D I SP= (NEW , PAS S ) , SPACE= ( 5488 , ( 46 0 ) ) , UNIT=3 340 ,  
I I DCB= ( RECFM=FB , LRECL=548 8 , BLKS I ZE=548 8 ) ' 
I I SYSUTl DD DSN=SO I LMTO . JL6 . IMG , LABEL= ( 2 9 , SL ) , VOL=SER=IMAG
E 1 ,  
9 4  
-
/ / . UNIT=TAPE , DI SP= ( OLD , PASS )  
/ /  EXEC PG�1=I EBGENER 
/ / SYSPRINT DD SYSOUT=* 
/ / SYS I N  DD DUMMY 
/ / SYSUT2 DD DSN=&&MO I ST l , 
/ /  D I SP= (NEW , PASS ) , SPACE= ( 5 4 8 8 , (460 ) ) , UN IT=3 340 , 
I I  DCB= (RECFM=FB , LRECL=5 4 8 8 , B LKS I ZE=5 48 8 )  
/ / SYSUT l  DD DSN=SO I L�1Tl . JL6 . I MG , LABEL= ( 3 0 , SL) , VOL=SER=IMAGE l , 
/ /  UNIT=TAPE , D I S P= ( OLD , PAS S )  
/ /  EXEC PG�1=IEBGENER 
I / SYSPRINT DD SYSOUT=')'" 
/ / SYS I N  DD DUMMY 
/ / SYSUT2 DD DSN=&&CROPUS , 
I I  D I S P= ( NEW , PASS ) , S PACE= ( 5 4 8 8 , ( 4 6 0 ) ) , UNIT=3340 , 
I I  DCB= (RECFM=FB , LREC L�5 48 8 , B LKS I ZE=5 48 8 )  
/ / SYSUT l  DD DSN=CROP . LAND . USE . IMG , LABEL= ( 2 6 , S L) , VOL=SER=IHAGE 1 ,  
/ /  UNIT=TAPE , D I S P= ( OLD , PAS S )  
/ / EXEC PGM=IEBGENER 
/ / SYSPR I NT DD SYSOUT="'" 
/ / SYS IN DD DUMMY 
/ / SYSUT2 DD DSN=&&ND , 
/ /  D I SP= (NEW , PASS ) , SPACE= ( 5 48 8 , ( 46 0 ) ) , UN IT=3340 , 
I I  DCB= ( RECFM=FB , LRECL=5488 , B LKS I ZE=5 48 8 ) 
/ / SYSUT 1 DD DSN=ND . IMAGE . JUL6 , LABEL= ( 2 7 , SL ) , VOL=SER= IHAGE 1 ,  
/ /  UN IT=TAPE , D I S P= (OLD , PASS ) 
/ / IMAGE EXEC FORTVCLG , PARM= ' XREF , OPT ( 3 ) , GOSTHT ' , TIME . G0=3 0 0 , 0UT= ' * '  
/ / FORT . SYSUDU�fP DD SYSOUT=')'" 
/ /FORT . SYS IN DD * 
REAL')'"4 IMAGE 1 ( 6 86 ) , I MAGE 2 ( 6 8 6 ) , I MAGE 3 ( 686 ) , IMAGE4 ( 6 8 6 ) 
REAL*4 IMAGE5 ( 6 8 6 ) , I MAGE6 ( 6 8 6 ) , IMAGE 7 ( 68 6 ) , I MAGE 8 ( 68 6 ) 
REAL')'"8 DATE , NOON 
INTEGER LINE , P I XEL 
REAL')'"8  TEMP 1 , TEMP2 , TEtv!P3 , VALUE , LONG 
REAL*8 N , M 1 , M2 , INLAT , I NLONG , CONVRS , ALNGTH , ECCENT 
REAL')'"8 PRLAT 1 , PRLAT2 , ORGLAT , ORGLNG , LATO , LAT 1 
REAL')'"8 QPRT1 , QPRT2 , QPRT3 , QPRT4 , QPRTS , QPRT2 3 
REAL')'"8 Q 1 , Q2 , QO , Q ;  C ,  ROWE , ROWEO , THETA 
C')'.,')hh'.-')h'dddd: HARD CODED DATE AND TIHE ( GHT) -.
•:-.'\'i';"')'"'':-.b'dd:-.'"')b'dd:-.b'"-.'d:')':-.':')': 
YEAR= 1 9 8 1  
DATE= 1 8 7  
OVERHD= 1 4 . 6 3 3  
C')'dd:')':-.'"')':;�,...,•:;�\'i':-.'" CALCUTING CONSTANTS NEEDED BY SOLAR ROUTI NE ')'
:')bb':-.b':-.': 
CONVRS=3 . 14 15 9 2 65 4 / 1 8 0  
XLEAP= ( (YEAR - 1 9 7 6 ) / 4 ) - ( INT ( (YEAR- 1 9 7 6 ) / 4) ) 
I F  ( XLEAP . EQ . O ) XLEAP= 1 
IF ( XLEAP . NE . 1 ) XLEAP=O 
VALUE= ( ( ( YEAR - 1 9 7 2 ) / 7 ) - ( INT ( (YEAR - 1 9 7 2 ) / 7 ) ) ) * 7  
INTVAL=VALUE 
IF ( ( VALUE - INTVAL ) . GT . 0 . 9 0 )  VALUE=INTVAL+1 
VALUE=VALUE+ INT ( ( ( ( INT ( YEAR/ 4 )  ) -.'"4 )  - 1 9 7 2 )  / 4 )  
VALUE=VALUE - ( I NT ( (YEAR - ( ( INT (YEAR/ 4 ) ) -.':4 ) ) / 4 ) ) 
9 5  
I F  ( VALUE . GE . 7 )  VALUE=VALUE - 7 
SAVDYS= 1 8 2  
I F  ( (VALUE . EQ . S . ) . OR . ( VALUE . EQ . 6 ) )  SAVDYS= 1 8 9  
BEGSAV= ( 12 0 -VALUE ) +XLEAP 
END SAV=BEGSAV+SAVDYS 
BX=O . 0 0 6 1 9 1 2 8 7 9•': ( 4 7 1 3+ (  ( I NT (YEARI 4 )  )·l:4 ) ) 
BX=BX- ( INT ( ( YEAR - 1 9 7 6 ) 1 4 )  ) •':O .  0 2 6 8 1 7 1 7 23 
I F  ( XLEAP . EQ . 1 )  GOTO 20 
BX=BX - 0 . 0 0 2 05 2 
. 
BX=BX - ( ( ( ( ( ( INT ( YEARI 4 ) ) + 1 ) *4 ) - YEAR ) I 3 ) *0 . 04 7 743 ) 
2 0  CONTINUE 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C DETERM I NE CONSTANTS NEEDED BY THE CELL TO GEO LOCAT I ON ROUTI NE 




CONVRS=3 . 14 1 5 9 2 6 5 4I 1 8 0  
BELOW CONSTANTS ARE SATELLITE AND I �1AGE LOCAT I ON 
DEPENDENT.. CHANGE IF NOT FROM A NOAA SATELLITE 
AND OF SOUTH DAKOTA AREA 
ALNGTH=63 7 8 2 0 6 . 4  
ECCENT=0 . 0 8 22 7 19  
PRLAT1=42 . 7 5 •':CONVRS 
PRLAT2=45 . 25•':CONVRS 
ORGLAT= ( 44 ) *CONVRS 
ORGLNG= ( - 1 0 0 ) *CONVRS 
'i': 
C•'••._...,._...._...,_...,  ...... .,.., . .,....,..,.,.,., ... , ... , ... ,._..._.,,._. END OF DEPENDENT CONSTANTS -.b':•bb'd:•':•':-.b':-.':7:-.':-.•:-�:-.b'd: 
M 1=COS ( PRLAT 1 ) I ( ( 1 - ( ECCENT•'••'• 2 ) •':- ( ( D S I N  ( PRLAT 1 ) ) •':--.':2 ) ) •'d•O .  5 )  
H2=COS ( PRLAT2 ) I ( ( 1 - ( ECCENT•'n':2 ) •':- ( (DS I N ( PRLAT2 ) ) •':-.'•2 )  ) •':;': O .  5 )  
QPRT 1= ( 1 -ECCENT•'d:-2 ) 
QPRT2= ( 1+ECCENT*DS IN ( ORGLAT ) ) 
QPRT3= ( 1 -ECCENT•':D S I N ( ORGLAT ) ) 
QPRT23=DLOG (QPRT 3 1 QPRT2 ) 
QPRT4= 1 1 ( 2*ECCENT ) 
QPRT5= ( 1 - ( (ECCENT**2 ) * ( ( DS IN ( ORGLAT) ) **2 ) ) )  
QPRT5= (DS I N ( ORGLAT ) I QPRT5 ) 
QO=QPRT 1* ( QPRT5 - QPRT4*QPRT23 ) 
QPRT 1= ( 1 -ECCENT•':-.':2 ) 
QPRT2= ( 1 +ECCENT-':DS IN ( PRLAT 1 ) ) 
QPRT3= ( 1 -ECCENT*D S I N ( PRLAT 1) ) 
QPRT23=DLOG ( QPRT3 1 QPRT2 ) 
QPRT4= 1 1 ( 2*ECCENT )  
QPRT5= ( 1 - ( ( ECCENT•':-.'•2 ) •'• ( (DS IN ( PRLAT 1 )  ) •'d.-2 ) ) )  
QPRT5= (DS I N ( PRLAT 1 ) 1 QPRT5 ) 
Q 1=QPRT 1•'• (QPRT5 - QPRT4•'•QPRT23 ) 
QPRT1= ( 1 -ECCENT-'.-..':-2 ) 
QPRT2= ( 1+ECCENT*DS IN ( PRLAT2 ) )  
QPRT3= ( 1 - ECCENT•':DS  IN ( PRLAT2 ) ) 
QPRT23=DLOG ( QPRT 3 1 QPRT2 ) 
QPRT4= 1 1 ( 2*ECCENT ) 
QPRT5= ( 1 - ( ( ECCENT•':*2 ) •': ( (D S I N  ( PRLAT2 ) ) •h'• 2 ) ) )  




QPRT5= (DS I N ( PRLAT2 ) /QPRT5 ) 
Q2=QPRT 1* ( QPRT5 - QPRT4*QPRT23 )  
N= ( (M 1**2 ) - ( M2**2 ) ) / ( Q2 -Q 1 )  
C= ( M 1-.'•-.'•2 ) +  (N-:'•Q 1 ) 
ROWE O= (ALNGTH* ( (C -N*Q0 ) **0 . 5 ) ) /N 
DO 9 00 0  LINE= 1 , 454 
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. . . . . . . . . . . . . .
.
. . . . . . . . . . .
. . .
. . . . . .
. . . .
.
. . . . . .
. . . . .
.
. . READ ( 1 1 , 1 00 1 )  ( IMAGE 1 ( I ) , I= 1 , 6 8 6 ) 
1 0 0 1 FORMAT ( 200F8 . 2 , 2 0 0F8 . 2 , 200F8 . 2 , 86F8 . 2 )  
c 
. . . . .  · ���� � i� : ��� i � ' � i����� � i � : i�i : � �� � · · . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
2 0 0 1 FORMAT ( 2 00F8 . 2 , 2 00F8 . 2 , 20 0F8 . 2 , 86F8 . 2 )  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
READ ( 1 3 , 300 1 )  ( IMAGE 3 ( I ) , I= 1 , 6 8 6 ) 
. . . . . . . . . . . . . . . . . . 
300 1 FORMAT ( 200F8 . 2 , 2 00F8 . 2 , 200F8 . 2 , 86F8 . 2 )  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
READ ( 14 , 400 1 )  ( IMAGE4 ( I ) , I= 1 , 686 ) 
. . . . . . . . . . . . . . . .  . 
400 1 FORMAT ( 2 0 0F8 . 3 , 2 00F8 . 3 , 200F8 . 3 , 86F8 . 3 ) 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
c 
READ ( 15 , 5 00 1 )  ( IMAGE5 ( I ) , I= 1 , 68 6 )  
. 
5 0 0 1 FORMAT ( 200F8 . 3 , 2 00F8 . 3 , 200F8 . 3 , 86F8 . 3 )  
. . . . .  · ����� i� : ��� i � ' � i����� � i � : i�i : ��� � · · . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
600 1 FOR�1AT ( 2 00F8 . 2 ,  2 0 0F8 . 2 ,  200F8 . 2 ,  86F8 . 2 )  
c 
. . . . .  · ���� � i ; : ;�� i � ' � i���� ; � i � : i�i : ��� � · · . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
7 0 0 1 FORMAT ( 2 00F8 . 2 , 2 00F8 . 2 , 200F8 . 2 , 86F8 . 2 )  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
READ ( 1 8 , 8 00 1 )  ( IMAGE 8 ( I ) , I= 1 , 6 8 6 )  
800 1 FORMAT ( 2 00F8 . 2 , 2 00F8 . 2 , 20 0F8 . 2 , 86F8 . 2 ) 
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
DO 9 0 0 1 PIXE L= 1 , 6 8 6  
I F  ( IMAGE 7 ( P I XE L ) . NE . O . O )  GOTO 9 0 0 1 
C'':-.':-.bb ':.,•n•: TAKES L I NE AND P I XE L  AND CONVERTS TO -.•:.,•:.,b':"' "''"''"b':"':-J: .. b':-.':-.':"' -;':"':-J: .. •:-J:·::-.': 
C"'""'"'b':-.b'd:·l: A LATITUDE AND LONG I TUDE -.':-.':-.b':-.':"'dd:-J:;'d:"''"' ''d:-Jd: .. b':"''-.':-.b': 
C* 
c-.·.-
BELOW EQUATI ONS ARE SATELLITE AND H1AGE LOCATION 
DEPENDENT . CHANGE I F  NOT FROM A NOAA SATELLITE 
AND OF SOUTH DAKOTA AREA 
Y=2 3 1 00 0 - ( ( LI NE - 1 . 5 ) "'" 1 0 00 ) 
X= ( ( P IXEL - 1 . 5 ) * 1 000 ) - 3 5 2 0 00 
;': 
c-.h':-.b': . .,•:-.'d:-.'dd:-.'ddd:-.':-.•: .. •:-.': END OF DE PENDENT E QUAT IONS .. ·,�·:"''"'''bbbbb':-:':"''"':"':-.'d:-.':"'  
ROWE= (X**2+ ( ( ROWE O - Y ) **2 ) ) **0 . 5  
THETA=DATAN (XI ( ROWE O -Y ) ) 
Q= ( C - ( (ROWE**2 ) * (N**2 ) / (ALNGTH**2 ) ) ) 1 N  
LATO=DAS I N ( Q/ 2 )  
5 55  TE�1P= ( ( 1 - ( (ECCENT"'""•2 ) "': ( (DS IN ( LATO ) ) "':"''2 ) ) ) "''"' 2 ) I ( 2"'' (DCOS ( LATO ) ) )  
TEMP2= ( Q /  ( 1 -ECCENT"""'•2 ) ) 
TEMP 2=TE!v1P2 - (DS I N ( LATO ) ) I ( 1 - (ECCENT"h'-2 ) -.'• ( (DS IN ( LATO ) ) "'nt:z ) )  
TEMP 3= ( DLOG (  ( 1 -ECCENT-l: (DS IN ( LATO ) ) )  I ( 1 +ECCENT"'' (DS I N ( LATO ) ) ) ) )  
TEMP2=TEMP2+ ( 1 1 ( 2*ECCENT ) ) *TEMP3 
LAT 1=LATO+TEMP�':TEMP2 
I F  ( ( INT ( LAT0�': 1 0 00 0 0 0 0 ) )  . EQ .  ( INT ( LAT1"': 1 0 0 0 0 0 0 0 ) ) )  GOTO 6 6 6  
LATO=LAT1 
GOTO 5 55 
6 6 6  CONTINUE 
XLONTD=ORGLNGI CONVRS+ ( (THETAI CONVRS ) I N )  
XLATD=LAT1 I CONVRS 
9 8  
c-.·:�':-ld:�'d: NOW DETERM I NE S PEC I F I C  LOCATIONS SOLAR VALUES�'bb':�·•�'dd:-.bh'd:�'d:-.'dd: 
SAVTIM=O 
1 2 1 I F  ( (DATE . GE . BEGSAV ) . AND . ( DATE . LE . ENDSAV ) ) SAVTIM= 1  
DAYS= ( YEAR - 1 9 7  5 ) "'•3 65+ ( ! NT (  ( YEAR- ( INT (YEARI 4 )  - 1 ) �'(4 )  I 4 )  ) +DATE 
XN=DAYS* ( 36 0 / 3 6 5 . 25 )  
1 3 5  IF ( XN . LE . 36 0 . ) GOTO 1 2 5  
XN=XN - 3 6 0  
GOTO 1 3 5  
1 2 5  CONTINUE 
XM=XN+2 7 9 . 0 4 14 7 0 - 282 . 5 1 0 3 9 6  
IF ( XM . LT . O . ) XM=XM+3 6 0 . 
EC= ( 36 0  I 3 .  14 1 5 9  2 6 5 4  ) �'• 0 .  0 1 6 7 20"'  ( S I N  ( ( ( XM�'•3 . 14 1 5 9 26 5 4 )  I 1 80 ) ) )  
XLAMDA=XN+EC+2 7 9 . 0 4 14 7 0  
IF ( XLAMDA . GT . 3 6 0 . ) ' XLAMDA=XLAMDA - 3 6 0 . 
CONVRS=3 . 14 1 5 9 26541 1 8 0  
DECLIN=ARS I N  ( ( S IN ( 2 3 . 43•'•CONVRS ) •'•S IN (XLAMDA•'•CONVRS ) ) )  
RTASCN=ATAN ( (TAN (XLAMDA-.'•CONVRS ) •'•COS ( 2 3 . 43-.'•CONVRS ) ) ) 
RTASCN= ( RTASCNI CONVRS ) + 1 8 0 . 
DECLIN=DECLINI CONVRS 
QUARDT= 1 
IF (XLAMDA . GT . 9 0 . )  QUARDT=2 
IF (XLAMDA . GT . l 80 . )  QUARDT=3 
IF (XLAMDA . GT . 2 7 0 . )  QUARDT=4 
VALUE= ( 9 0 . *QUARDT ) - RTASCN 
IF ( ( VALUE . LE . 9 0 ) . AND . ( VALUE . GE . O . ) )  GOTO 15 
IF ( ( 1 80 - VALUE ) . LT . O . ) RTASCN=RTASCN - 1 8 0  
IF ( ( 1 8 0 - VALUE ) . GT . O . ) RTASCN=RTASCN+ 1 8 0  
I F  ( (RTASCN - 36 0 . ) . GT . O . )  RTASCN=RTASCN - 3 6 0  
I F  ( RTASCN . LT . O . ) RTASCN=RTASCN+36 0 
15 CONTI NUE 
C*--�'dd:•'•* ... 'd:"i'd(-.'d:�b':id:•':-.': F I ND I NG S 0 LAR MAX . AL T . 7':•'••':•b'(•'••'••'d:•'••':-.'d:-.':•b':•'••'••'d
ddd: 
TIMLST= ( RTASCNI 1 5 ) 
NOON=TIMLST+ ( AB S ( ( XLONTDI 1 5 ) ) )  
DAYS= ( DATE*0 . 0 65 7 0 9 ) - BX 
IF ( DAYS . LT . O )  DAYS=DAYS+24 . 065832  
NOON=NOON -DAYS 
IF (NOON . LT . O )  NOON=NOON+24 . 065832  
NOON=NOON*0 . 9 9 7 2 645 
C NOON=NOON - 6+SAVTIM TO CONVERT TO LOCAL TIME 
I F  (NOON . GT . 24 )  NOON=NOON - 24 
S INEA 1=S I N ( (DECLIN•'•CONVRS ) ) •'•S IN ( (XLATD•"CONVRS ) )  
S INEA2=COS ( ( DECLIN•'•CONVRS ) ) •'•COS ( (XLAT '"CONVRS ) ) 
AX=ARS I N ( ( S I NEA 1+S INEA2 ) ) 
--
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ALT=AX/CONVRS 
c�':-1:�··�·:�':�·:�··�·:�·:�·:�·:�·:�·:�·:�•:.,•:..,·:�·: F I ND SUNR I SE/ SUNSET -;':-;':-;':-;':-.':-.'n':-.':•':-.':o;':•'••':-.':•':•':•':•':•'••':•':•':•':•'••':•':-.':•'••'••': 
SUNSET=ARCOS ( ( (TAN ( ( XLATD•':CONVRS ) ) ) -.': (TAN ( ( DECLIN•':CQNVR S ) ) ) ..,., ( - 1 ) ) )  
SUNSET=SUNSET/ CONVRS 
SUNR I S= ( 24 . 0 6 5 8 3 2 - ( SUNSET/ 15 ) + (RTASCN/ 15 ) ) - ( XLONTD / 15 ) 
SUNSET= ( ( SUNSET/ 1 5 ) + ( RTASCN/ 15 ) ) - (XLONTD / 15 ) 
DAYS= (DATE..,'•O . 0 6 5  7 0 9 ) - BX 
IF ( DAYS . LT . O . ) DAYS=DAYS+24 . 065 8 3 2  
SUNRI S=SUNR I S -DAYS 
SUNSET=SUNSET -DAYS 
IF ( SUNR I S . LT . O . ) SUNRI S=SUNRI S+24 . 06 5 8 3 2  
I F  ( SUNSET . LT . O . ) SUNSET=SUNSET+24 . 0 6 5 8 3 2  
SUNRI S=SUNR I S*0 . 9 9 7 26 45 
SUNSET=SUNSET•'•O . 9 9  7 2645 
I F  ( SUNSET . GT . 24 )  SUNSET=SUNSET- 24 
I F  ( SUNRI S . GT . 24 )  SUNR I S=SUNRI S - 24 
I F  ( SUNR I S . GT . 24 )  SUNR I S=SUNRIS - 24 
I F  ( SUNRI S . GT . SUNSET ) THEN 
DLNGTH= ( SUNSET+24 ) - SUNRI S  
ELSE 
DLNGTH=SUNSET - SUNR I S  
END I F  
SUNSET=NOON+ ( DLNGTH/ 2 )  
I F  ( SUNSET . LT . O . ) SUNSET=SUNSET+24 . 0  
IF ( SUNSET . GT . 24 . ) SUNSET=SUNSET - 24 . 0  
SUNRI S=NOON - ( DLNGTH/ 2 )  
I F  ( SUNRI S . LT . O . ) SUNRI S=SUNR I S+24 . 0  
I F  ( SUNRI S . GT . 24 . ) SUNRI S=SUNRI S - 24 . 0  
C-t:..,'d:"l':"l'd:"l':"l':..,': FIND AZMTH AND ALT AT THE SPEC IF IED TIHE ..,•:..,•:..,'d:•'d:•':•t:...t:...'d:•':;'dd:...':•': 
GMTTIM=OVERHD 
IF ( GMTTIM . LT . 0 .  ) G�1TTIM=GMTTIM+24 . 0 6 5 8 3 2  
GSTTIM=GMTTI M..,'• l . 0 0 2 743  
GSTTIM=GSTTIM+ ( ( DATE..,'•O . 065 7 0 9 ) - BX ) 
IF ( GSTTIM . GT . 24 . 0 ) GSTTIH=GSTTIM - 24 . 065 8 3 2  
I F  ( GSTTI M . LT . O . O ) GSTTIM=GSTTIM+24 . 065 8 3 2  
T IMLST=GSTTIM+ (XLONTD/ 15 )  
I F  (TIMLST . GT . 24 . 0 ) TIMLST=TIMLST- 24 . 065 8 3 2  
I F  (TIMLST . LT . O . O ) TIMLST=TIMLST+24 . 065 8 3 2  
HX=TIMLST - ( RTASCN/ 1 5 ) 
HX=HX•': 15  
S I NEA l=S IN ( ( DiCLIN*CONVRS ) ) *S IN ( (XLATD*CONVRS ) )  
S INEA2=COS ( (DECLIN*CONVRS ) ) *COS ( (XLATD*CONVRS ) ) *COS ( (HX*CONVRS ) )  
AX=ARS IN ( ( S INEA 1+S INEA2 ) ) 
OALT=AX/CONVRS 
AX=AX/CONVRS 
AZCO S l=S IN ( (DECLIN•'•CONVRS ) ) - S IN (  (XLATD;'•CONVRS ) ) •':S I N (  ( AX•'•CONVRS ) ) 
AZCO S 2=COS ( ( XLATD*CONVRS ) ) *COS ( (AX*CONVRS ) )  
AZHTH=ARCOS ( ( AZCOS 1 / AZCOS 2 ) )  
AZMTH=AZNTH/CONVRS 
VALUE=S I N ( (HX*CONVRS ) )  
I F  (VALUE . GE . O ) AZHTH=360 -AZMTH 
-
-
1 0 0  
OAZMTH=AZMTH - 1 8 0 . 
C*..,':-;•:..,•:-;':-;':-;b':-;':-;':-;':-;':-;':-;':-;':·::..,•:-;':-;'d:-;': CALCULATI NG S 0 LAR EXPOSURE TIME -;'d:-;':-;':4':-.':-.'d:-.'d:-;':-;':-;'dd: 
IF  ( ( OVERHD . LT .. SUNRI S ) . AND . ( SUNSET . GT . OVERHD ) ) THEN 
SUNEXP= ( OVERHD+24 . 0 ) - SUNR I S  
ELSE 
IF  ( ( SUNSET . LT . OVERHD ) . AND . ( SUNR I S . GT . OVERHD ) ) THEN 
S UNEXP=O 
ELSE 
SUNEXP=OVERHD - SUNR I S  
END I F  
END IF  
c-.b':-;':-;'d:-.':-.':-;':-.': NOW WRI TE A DATA CARD FOR THE SAMPLE PO I NT ..,., .... ,..,.,..,.d,..,'d:-.':-;':-;b':-;':-;': 
C-;bb':-;'d:-.':-;'dd: EXCLUDI NG ALL VALUES THAT ARE CONS IDERED -.'d:-;':-;b':-;':-.':-;':-;':-;':-.':-;'d: 
C-;tr-;':-;':-;':-;':-.':-;·:..,•: ... •: INVALI D  POINTS REPLAC ING WITH A - 9 .  9 X  -;':-;':-;b':-.':-.':•b':•':•'••': ... 'd: 
I F  ( ( IMAGE ! ( P I XE L ) . GT . 9 9 9 . 9 ) . OR . ( !HAGE l ( P IXE L ) . LT . - 9 9 . 9 ) )  
_IMAGE l ( P IXEL ) = - 9 . 9  
IF  ( ( I MAGE 2 ( P IXEL ) . GT . 9 9 . 9 9 ) . 0R . ( IMAGE2 ( P I XEL) . LT . - 9 . 9 9 ) ) 
_!MAGE 2 ( P I XEL ) =- 9 . 9 9 
IF  ( ( IMAGE 3 ( P IXEL ) . GT . 9 9 . 9 ) . OR . ( IMAGE3 ( P IXEL) . LT . - 9 . 9 ) )  
_!MAGE 3 ( P IXEL ) = - 9 . 9  
IF  ( ( I MAGE4 ( P IXEL ) . GT . 9 9 . 9 9 9 ) . 0R . ( IMAGE4 ( P I XEL ) . LT . - 9 . 9 9 9 ) )  
_ I MAGE4 ( P IXEL ) = - 9 . 9 9 9  
I F  ( ( IMAGE5 ( P IXEL ) . GT . 9 9 . 9 9 9 ) . 0R . ( I MAGE5 ( P I XE L ) . LT . - 9 . 9 9 9 ) ) 
_!MAGES ( P IXEL ) = - 9 . 9 9 9  
I F  ( ( IMAGE 6 ( P I XEL) . GT . 9 9 . 9 ) . 0R . ( IMAGE6 ( P IXEL ) . LT . - 9 . 9 ) )  
_ I MAGE6 ( P I XE L ) = - 9 . 9  
I F  ( ( IMAGE 8 ( P I XEL) . GT . 9 9 9 . 9 ) . 0R . ( IMAGE8 ( P I XEL ) . LT . - 9 9 . 9 ) )  
_IMAGE B ( P I XE L ) =- 9 . 9 
WRITE ( 1 9 , 9 0 1 0 )  P I XEL , LINE , I MAGE l ( P IXEL ) , I MAGE 2 ( P IXE L ) , 
_IMAGE 3 ( P I XE L ) , I MAGE4 ( P IXEL) , IMAGES ( P IXEL) , I tv1AGE 6 ( P I XE L ) , 
_!MAGE8 ( P IXEL ) , OAZMTH , OALT , SUNEXP 
9 0 1 0  FORMAT ( I 4 , 1X , I 4 , 1X , F5 . 1 , 1X , F5 . 2 , 1X , F4 . 1 , 1X , F6 . 3 , 1X ,  
_F6 . 3 , 1X , F4 . 1 , 1X , F5 . 1 , 1X , F 7 . 2 , 1X , F7 . 2 , 1X , F5 . 2 ) 
900 1 CONTI NUE 
9000  CONTINUE 
END 
/ / GO . FT l lFO O l  DD DSN=&&STEHP , D-I SP= (OLD , DELETE ) , 
I I  UNIT=3 340 
/ / GO . FT 1 2F00 1 DD DSN=&&RA IN , D I S P= (OLD , DELETE ) , 
I I  UNI T=3 340 
/ /GO . FT 1 3F00 1 DD DSN=&&A IRTMP , D I S P= ( OLD , DELETE ) , 
I I  PNIT=3 340 
/ /GO . -FT 14F00 1  DD DSN=&&MO I STO , D I SP= ( OLD , DELETE ) , 
I I  UNIT=3 340 
// GO . FT 15F0 0 1  DD DSN=&&MO I STl , D I SP= (dLD , DELETE ) , 
I I  UNI T=3340 
/ /GO . FT 1 6F0 0 1  DD DSN=&&CROPUS , D I S P= ( OLD , DELETE ) , 
I I  UNIT=3340 
/ /GO . FT 1 7F0 0 1  DD DSN=&&MASK , D I S P= (OLD , DELETE ) , 
I I  UNIT=3 34 0  
/ /GO . FT 1 8F00 1  D D  DSN=&&ND , D I S P= ( OLD , DELETE ) , . 
-
-
/ / . UNIT=3 3 4 0  
/ / GO . FT 1 9 F0 0 1 DD  LABE L= (x , S L ) , VOL=SER=RANDYC , 
II  DCB= (RECFM=FB , LRECL=8 0 , B LKS I ZE=3 2 000 ) , UNIT=TAPE , D I SP= ( NEW , PA S S ) 
I I EXEC SAS ' OUT= I -.': I ' TI ME=2 0 0  
/ /WORK DD UNIT=3 340 , S PACE= ( 6 1 6 0 , ( 2000 , 75 0 ) , , , ROUND ) , DSN=&TEMP , 
I I  VOL=SER= ( XCRTCH , ZZRTCH , VS 1DO l , MVSPG l , MVSPG2 , MVSPG3 ) ,  
I I  D I S P= (NEW , DELETE , DE LETE ) 
/ /TAPEDATA DD LABEL= (x , S L ) , VOL=SER=RANDYC , UNIT=TAPE , D I S P=OLD 
/ / SAS . SYS IN DD * 
* PRODUCE A HI STOGRAM OF THE IND IVIDUAL IMAGES FOR USE 
* LATER I N  THE STUDY . 
-;': 
1 0 1  
, 
-.::·l:-;':•':;':;':;':·l:;':;':i':;':-J:;':;':;':·l:;':;':;':;':-;':;':;':;':·i':·l:·;':;':-;':-;':;':-,':;':;':;':;':;':-;':-:,':4':-;':·l:;':-;':;':;':;':-;':;':·l:;':;':i':·::;':i':-;':•':;':;':;':;'(·;':;':;':-,':;'�;': ; 
* - - - D * A * T * A C * 0 * L * L * E * C * T * I * 0 * N - - - - - - ; 
* - - - - - - - - - - - - - - - SET UP DATASET AREAS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ; 
DATA It-1AGE 1 ( KEEP=STEMP ) IMAGE 2 ( KEEP=RA INFALL ) I HAGE 3 ( KEEP=A I RTEMP ) 
I MAGE4 (KEEP=MO I STO ) IMAGES (KEE P=MOI STl ) I HAGE6 ( KEEP=LANDUSE ) 
IMAGE 7 ( KEEP=ND ) IHAGE 8 ( KEEP=AZNUTH ) INAGE9 ( KEEP=ALT )  
I MAGE l O ( KEEP=SUNEXP ) ;  
* - - - - - - - - - - - - READ DATA PRODUCED BY THE FORTRAN STEP l - - - - - - - - - - - - - - - ; 
I NF I LE TAPEDATA ; 
INPUT @ 1  
@6  
@ 1 1  






@5 3  
@ 6 1  
@69  
OUTPUT IMAGE ! ;  
OUTPUT I HAGE 2 ; 
OUTPUT I HAGE 3 ; 
OUTPUT I HAGE4 ; 
OUTPUT IMAGES ; 
OUTPUT IMAGE 6 ; 
OUTPUT I HAGE 7 ; 
OUTPUT I HAGE8 ; 
OUTPUT IMAGE 9 ; 
OUTPUT I HAGE l O ; 
PROC FREQ DATA=IMAGE l ;  
PROC FREQ DATA=IMAGE 2 ;  
PROC FREQ DATA=I MAGE 3 ;  
PROC FREQ DATA=I!-1AGE4 ;  
PROC FREQ DATA=I HAGES ; 
PROC FREQ DATA=I HAGE 6 ;  
P IXEL 4 .  
LINE 4 .  
STENP 5· . 1  
RA INFALL 5 . 2  
AIRTEMP 4 . 1 
MO I STO 6 . 3  
HO I ST! 6 . 3  
LANDUSE 4 . 1 
ND 5 . 1  
AZMUTH 7 . 2 
ALT 7 .  2 
SUNEXP 5 . 2 
PROC FREQ DATA=IMAGE 7 ;  
PROC FREQ DATA=IMAGE8 ;  
PROC FREQ DATA= IMAGE 9 ;  
PROC FREQ DATA=IMAGE l O ; 
1 0 2  
-
Appendix B 
STATI STI CAL DATA 
Var iab l e  Abbreviat ions Used 
Sta n d a rd Te rms 
STMPM = S at e l l it e  indi cated temper ature regiona l mean 
STEMP = S at e l l it e  indi cated p ixe l temperature 
A I RM = G round bas ed a i r  t emperature regiona l  mean read ing 
AIRTEMP = P ixe l pos it ion ground read air temperature reading 
VEGM = C rop l and Us e regiona l mean 
VEG = P ixe l pos it ion c rop l and use 
RAINM = Reg iona l mean r a infa l l  reading 
RAINFALL= P ixe l pos it ion rainfa l l  read ing 
NDM = Region a l  mean norma l ized d i f ference from s at e l l it e  image 
ND = P ixe l pos it ion norma l ized d i f fe rence s ate l l i t e  read ing 
MOM = Regiona l mean surface s o i l  mo is ture mean 
MO I STO = P ix e l pos it ion sur face s o i l  mo isture read ing 
M lM = Regiona l  mean near sur face s o i l  mo is ture mean 
MO I STl = P ixe l pos it ion near s ur face s o i l moisture reading 





Reduced dat a s et 
= STMPH/ (AIRM•'•NDM ) 
= STMPM/ VEGM 
= STMPM/ ( NDH•'•VEGM ) 
= STHPH•'•AI RH 
o r  
o r  
o r  
o r  
Individua l p ixe l dat a 
STEMP/ (AIRTEMP*ND ) 
STEMP/VEG 
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